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1
GRADING ONTOLOGICAL LINKS BASED
ON CERTAINTY OF EVIDENTIAL
STATEMENTS

BACKGROUND

The present application relates generally to an improved
data processing apparatus and method and more specifically
to mechanisms for grading ontological links based on cer-
tainty of evidential statements.

With the increased usage of computing networks, such as
the Internet, humans are currently inundated and over-
whelmed with the amount of information available to them
from various structured and unstructured sources. However,
information gaps abound as users try to piece together what
they can find that they believe to be relevant during searches
for information on various subjects. To assist with such
searches, recent research has been directed to generating
Question and Answer (QA) systems which may take an
input question, analyze it, and return results indicative of the
most probable answer to the input question. QA systems
provide automated mechanisms for searching through large
sets of sources of content, e.g., electronic documents, and
analyze them with regard to an input question to determine
an answer to the question and a confidence measure as to
how accurate an answer is for answering the input question.

Examples, of QA systems are Siri® from Apple®, Cor-
tana® from Microsoft®, and the Watson™ system available
from International Business Machines (IBM®) Corporation
of Armonk, N.Y. The Watson™ system is an application of
advanced natural language processing, information retrieval,
knowledge representation and reasoning, and machine learn-
ing technologies to the field of open domain question
answering. The Watson™ system is built on IBM’s
DeepQA™ technology used for hypothesis generation, mas-
sive evidence gathering, analysis, and scoring. DeepQA™
takes an input question, analyzes it, decomposes the ques-
tion into constituent parts, generates one or more hypothesis
based on the decomposed question and results of a primary
search of answer sources, performs hypothesis and evidence
scoring based on a retrieval of evidence from evidence
sources, performs synthesis of the one or more hypothesis,
and based on trained models, performs a final merging and
ranking to output an answer to the input question along with
a confidence measure.

SUMMARY

In one illustrative embodiment a method, in a data pro-
cessing system, for evaluating a link between information
concept entities is provided. The method comprises receiv-
ing, by the data processing system, a set of evidential data
specifying a plurality of information concept entities and
generating, by the data processing system, a link between at
least two information concept entities in the set of evidential
data. The method further comprises evaluating, by the data
processing system, the set of evidential data with regard to
whether or not the set of evidential data supports or refutes
the link. The evaluation of the set of evidential data com-
prises analyzing language of natural language statements in
the set of evidential data to identify certainty terms within
the natural language statements. In addition, the method
comprises calculating, by the data processing system, a
confidence value for the link based on results of the evalu-
ation of the set of evidential data and generating a knowl-
edge output, by the data processing system, based on the link
and the confidence value associated with the link.
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In other illustrative embodiments, a computer program
product comprising a computer useable or readable medium
having a computer readable program is provided. The com-
puter readable program, when executed on a computing
device, causes the computing device to perform various ones
of, and combinations of, the operations outlined above with
regard to the method illustrative embodiment.

In yet another illustrative embodiment, a system/appara-
tus is provided. The system/apparatus may comprise one or
more processors and a memory coupled to the one or more
processors. The memory may comprise instructions which,
when executed by the one or more processors, cause the one
or more processors to perform various ones of, and combi-
nations of, the operations outlined above with regard to the
method illustrative embodiment.

These and other features and advantages of the present
invention will be described in, or will become apparent to
those of ordinary skill in the art in view of, the following
detailed description of the example embodiments of the
present invention.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

The invention, as well as a preferred mode of use and
further objectives and advantages thereof, will best be
understood by reference to the following detailed descrip-
tion of illustrative embodiments when read in conjunction
with the accompanying drawings, wherein:

FIG. 1 depicts a schematic diagram of one illustrative
embodiment of a question/answer creation (QA) system in a
computer network;

FIG. 2 is a block diagram of an example data processing
system in which aspects of the illustrative embodiments are
implemented;

FIG. 3 illustrates a QA system pipeline for processing an
input question in accordance with one illustrative embodi-
ment;

FIG. 4 is an example block diagram illustrating the
primary operational elements of a hypothetical ontological
link identification and evaluation engine in accordance with
one illustrative embodiment;

FIG. 5 shows an example of hypothetical ontological link
question generation with regard to an information concept of
a person in accordance with one illustrative embodiment;

FIG. 6 shows an example of hypothetical ontological link
question generation with regard to a location information
concept in accordance with one illustrative embodiment;

FIG. 7 is an example diagram illustrating a graphical
representation of a simplified ontology having actual links
between information concepts and a hypothetical ontologi-
cal link for investigation by the mechanisms of the illustra-
tive embodiments;

FIG. 8 is an example diagram illustrating the example
simplified ontology of FIG. 7 with scoring of the hypotheti-
cal ontological link in accordance with one illustrative
embodiment;

FIG. 9 is an example diagram illustrating a graphical
output of a modified ontology generated in response to the
scoring of the hypothetical ontological link in accordance
with one illustrative embodiment;

FIG. 10 is an example diagram illustrating an example
scenario for evaluating various characteristics of links for
categorizing a link hypothetical ontological link between
information concept entities;
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FIG. 11 is a flowchart outlining an example operation for
identifying and evaluating hypothetical ontological links in
an ontology in accordance with one illustrative embodiment;

FIG. 12 is a flowchart outlining an example operation for
scoring links based on source grading, corroboration, and
certainty in accordance with one illustrative embodiment;

FIG. 13 is a flowchart outlining an example operation for
performing question template set pruning in accordance with
one illustrative embodiment;

FIG. 14 is a flowchart outlining an example operation for
performing source grading in accordance with one illustra-
tive embodiment;

FIG. 15 is a flowchart outlining an example operation for
performing corroboration scoring in accordance with one
illustrative embodiment;

FIG. 16 is a flowchart outlining an example operation for
performing certainty scoring in accordance with one illus-
trative embodiment; and

FIG. 17 is a flowchart outlining an example operation for
performing additional lines of questioning evaluations in
accordance with one illustrative embodiment.

DETAILED DESCRIPTION

The illustrative embodiments provide mechanisms for
intelligence gathering and analysis using a Question
Answering (QA) system. Intelligence gathering and analysis
tasks often center around identifying and evaluating corre-
spondence between instances of concepts, such as people,
places, events, property, etc. described in an ontology using
information obtained from various data sources. For
example, intelligence gathering and analysis tasks may
attempt to determine whether a person A knows a person B,
whether person A was involved in event C, or the like.
Generally, such intelligence gathering and analysis may
have assistance from computing systems to assist in the
gathering and analysis operations, but the determination of
the ontological relationships between concepts is still much
a manual process requiring human intervention to generate
such ontological relationships. This can be time consuming
and haphazard since the human analyst must first identify
possible ontological relationships and then sift through
information and find evidence that supports or refutes the
ontological relationships.

For example, assume that a human analyst is investigating
a crime and is building a profile of the crime which involves
identifying a number of information concepts (also referred
to herein simply as “concepts”) including suspects, a wit-
ness, and an incident, e.g., a robbery at location A. In order
to build this profile and investigate the crime, the analyst
first acquires and enters the information about these infor-
mation concepts, along with any known correlations
between these information concepts, into a database. The
analyst now asks himself/herself a number of questions
about additional links such as:

1) Does the suspect know the witness?

2) Was the suspect involved in other similar incidents in

the past?

3) Does the suspect have accomplices?

4) Has the witness witnessed similar incidents in the past?
In order to answer such questions, the human analyst must
search information sources, read and appraise the content of
the information sources to identify evidence, evaluate the
evidence to determine its veracity, gather additional evi-
dence from individuals directly, from locations directly, or
the like, to answer these questions. It can be seen that this
would be a time consuming process that often times requires
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a degree of expertise in intelligence gathering and analysis
to know the correct questions to ask and the ways in which
to gather and analyze the information to answer these
questions.

The illustrative embodiments provide mechanisms for
automatically identifying hypothetical ontological relation-
ships between information concepts based on automated
analysis of evidential support for these hypothetical onto-
logical relationships found in association with existing
actual ontological relationships and information concepts.
These ontological relationships are hypothetical in nature in
that there is no direct evidence explicitly specifying the
ontological relationship exists in the ontology. For example,
there may not be any direct evidence that suspect A knows
suspect B, but there may be circumstantial or indirect
evidence that supports this hypothetical ontological relation-
ship that suspect A knows suspect B. However, there may be
evidence that suspect A knows suspect C, suspect B knows
suspect D, and suspect D has been seen in the company of
suspect C at the same location. From this circumstantial
evidence, one may determine that suspect D and suspect C
know each other and since suspect D knows suspect B and
suspect A knows suspect C, there is some amount of
evidence that gives a probability that suspect A may know
suspect B. By identifying possible hypothetical ontological
relationships, the mechanisms of the illustrative embodi-
ment assist the human analyst who may not have identified
those possible relationships and may inform the analyst of
other, previously not thought of, hypothesis about the situ-
ation being analyzed.

In identifying hypothetical ontological relationships
between instances of defined information concepts, the
mechanisms of the illustrative embodiments may determine,
from an initial set of valid ontological relationships or links
between specified instances of information concepts (e.g.,
people, places, things, events, etc.), the hypothetical onto-
logical relationships (or links) that are to be investigated,
e.g., for either all instances or chosen instances of informa-
tion concept object (also referred to as entities herein),
potential hypothetical relationships are identified using the
defined ontology. Having identified a hypothetical ontologi-
cal relationship to investigate, through analysis of other
evidence associated with the various instances of informa-
tion concepts and specifying various other types of onto-
logical relationships between the instances of information
concepts, indirect or inferential evidential support (e.g.,
circumstantial evidence) for the hypothetical ontological
relationship is identified and evaluated. Based on such
identification and evaluation of indirect or inferential sup-
port, one or more scores or measures of confidence in the
hypothetical ontological relationship are calculated. These
scores may then be used to evaluate whether or not the
hypothetical ontological relationship is likely to be an actual
ontological relationship and a corresponding output to the
human analyst is generated.

The mechanisms of the illustrative embodiments may be
implemented, for example, in a question answering (QA)
system, such as the IBM Watson™ QA system available
from International Business Machines (IBM) Corporation of
Armonk, N.Y. In such an embodiment, the QA system is
configured to implement the intelligence gathering and
analysis mechanisms of the illustrative embodiments so as to
identify and evaluate hypothetical ontological relationships
or links between instances of pre-defined information con-
cepts (persons, places, things, events, etc.) in an ontology.
With the mechanisms of the illustrative embodiments,
instances of information concepts are designated and then,
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based on a set of valid ontological relationships or links in
an ontology, a set of questions related to hypothetical
ontological relationships between instances of information
concepts are generated and processed via the QA system.
This set of questions may be determined based on an initial
user input into the QA system designating the one or more
instances of information concepts of interest and a particular
type of hypothetical ontological relationship that is to be
evaluated, e.g., does person A know person B? Alternatively,
the hypothetical ontological relationship and instances of
information concepts of interest may be automatically iden-
tified from an analysis of an ontology and determination of
possible hypothetical relationships between instances of
information concepts specified in the ontology, e.g., identi-
fying instances of information concepts that do not have
actual ontological relationships and, based on types of the
instances of information concepts and actual links of the
instances of information concepts with other instances of
information concepts, and the types of these links, what
other types of ontological links are likely to be present even
though they are not explicitly included in the existing
ontology.

The set of questions for investigating the hypothetical
ontological relationship may be chosen based on the infor-
mation concept type(s), ontological relationship type (link
type), and the like. The questions may be selected by an
automated engine that has been trained using machine
learning techniques to identify the type of questions to be
asked when the ontological relationship being investigated
involves certain information concept types and link types,
e.g., for information concepts of a “person” type and a link
type of “knows” a set of questions is selected that includes
the questions, is person A related to person B? does person
A work with person B? does person A live close to person
B? did person A go to a same school as person B?, etc. In
such a machine learning technique, an initial set of questions
for a particular combination of information concept type and
link type may be set manually and may be evaluated over
time through automated mechanisms to add to or remove
questions from the set based on user feedback, identification
of a particular question’s relative contribution to a higher or
lower score for a hypothetical ontological relationship, etc.
These questions may be formulated as a set of templates that
may be customized to the particular information concepts of
interest, e.g., a template of “Does Person A live with Person
B?” may be customized to “Does John Smith live with Mary
Stewart?”

It should be appreciated that in this situation, the human
analyst need only input or select the instances of information
concepts of interest (hereafter referred to simply as “infor-
mation concepts”) and an overall theory or ontological
relationship that the analyst wishes to evaluate, e.g., “John
Smith (information concept A—person) committed (onto-
logical relationship) the robbery (information concept
B—event) of Al’s Electronics (information concept C—Ilo-
cation)” or more simply “John Smith (information concept
A) knows (ontological relationship) Mary Stewart (informa-
tion concept B).” In other illustrative embodiments, a more
open ended intelligence gathering approach is facilitated
where the human analyst need only specify an information
concept of interest and ask the system to identify all onto-
logical relationships of a particular type with this informa-
tion concept, e.g., “I want to know all of John Smith’s
(information concept) acquaintances (ontological relation-
ship).” Based on the specification of an information concept
and a hypothetical ontological relationship type, the system
automatically retrieves the set of questions (and templates)
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corresponding to that information concept type and hypo-
thetical ontological relationship type, and evaluates the
questions via the QA system.

In some illustrative embodiments, mechanisms are pro-
vided for pruning the set of questions, or question templates,
that are retrieved for use in evaluating a hypothetical onto-
logical link between information concepts. This pruning
serves to take a set of questions or question templates and
filter these to a sub-set of questions or question templates
based on the characteristics of the particular instances of
information concepts and hypothetical ontological link
being evaluated. For example, a general set of question
templates for a hypothetical ontological link of “located at”
and information concepts of “person” and “location” may be
retrieved. This general set of question templates may then be
further pruned or filtered to a specific sub-set of question
templates using characteristics for a particular “person” and
“location” and category of “located at” hypothetical onto-
logical link, e.g. “John Jones” “frequents” “Al’s Electron-
ics.” For example, knowing that Al’s Electronics is a retail
electronics store, it may be time consuming and of little
benefit to evaluate questions about whether or not John
Jones has lunch at Al’s Electronics but it would be more
poignant to ask whether John Jones has bought items at Al’s
Electronics. Thus, the “eats at” question may be filtered from
the set of question templates while the “has bought items at”
question would be included in the sub-set of question
templates. Various characteristics of the information con-
cepts and hypothetical ontological link may be compared
against corresponding characteristics associated with the
different question templates to thereby identify which ques-
tion templates are most appropriate for the particular
instances of information concepts and hypothetical ontologi-
cal link to thereby generate a sub-set of question templates
for evaluation.

In evaluating the automatically generated set of questions,
or sub-set of questions, the QA system analyzes one or more
corpora of evidential data to generate candidate answers to
the question and identifies evidence supporting and/or refut-
ing the hypothetical ontological relationship (hereafter
referred to as “hypothetical links”) between information
concepts corresponding to the question being answered. For
example, if the question is whether person A knows person
B, then evidence from the corpora may be evaluated to
determine a confidence associated with an answer of “yes”
person A knows person B, and evidence to determine a
confidence associated with an answer of “no” person A does
not know person B. The results of these evaluations of the
corpus of evidence to support/refute different hypothetical
links may be used to update the ontology to replace hypo-
thetical links with actual links when the confidence of an
answer meets or exceeds a predetermined criterion.

In evaluating the evidence in the corpora, various aspects
of the evidence may be evaluated to generate a confidence
score for an answer to the question and ultimately, a score
for the hypothetical ontological link. For example, the
source of the evidence may be graded with regard to the
veracity of the source with subsequent curating of the
evidence in the corpora based on an evaluation of the
source’s veracity. In evaluating the veracity of a source,
corroborating evidence from other sources may be used to
elevate a grading of the source. Correspondence of language
in statements from the source with statements made by other
sources may be used to increase/decrease the grading of the
source, e.g., if the statements are exactly the same or
primarily the same, as determined from a threshold level of
sameness, then it is likely that the statements are copies of
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an original statement or indicative of a collaboration of the
sources giving the source a lower grading of veracity.
Previous use of the source to generate correct answers to
questions may also be determined, such as through a
machine learning process, and used to evaluate the source of
evidence. User specified input indicative of whether the user
trusts the source of the evidence may also be used to grade
the source. Characteristics of the type of the source may also
be used to grade the source, e.g., a police person may be
given a higher grading than a felon. Various weight values
may be associated with these different source grading char-
acteristics to generate a value indicative of the grading of the
source with regard to the source’s veracity that can be
attributed to the evidence provided by that source.

Based on the grading of a source, the corpora used to
evaluate hypothetical ontological links may be managed so
as to remove sources of evidence in the corpora whose
grading does not meet a minimum acceptable level and/or to
adjust the weighting values associated with a source based
on a determined grading of the source. Thus, for sources
whose grade is relatively higher, a weighting value for those
sources will be relatively higher compared to other sources
in the corpora to thereby provide a relatively higher measure
of reliability and confidence in the evidence provided by
those sources. Moreover, for higher graded sources, such as
sources that exceed a predetermined threshold of reliability,
additional evidence from those sources may be actively
sought and added to the corpora for use in evaluation
hypothetical ontological links and sets of questions. For
example, if a source, such as a particular witness, is deter-
mined to be highly reliable, additional evidence from that
witness may be ingested into the corpora being used to
evaluate the hypothetical ontological link.

Sources whose grade is relatively lower will have a
weighting value that is relatively lower leading to a lower
measure of reliability and confidence in the evidence pro-
vided by those sources. Sources whose grade does not meet
a minimum threshold level may have all of the evidence
provided by those sources removed from the corpora such
that it is not used to evaluate questions and provide sup-
porting evidence for calculating confidence scores in
answers to questions. It should be appreciated that such
corpora management or curating operations may be per-
formed on a temporary basis, e.g., for one hypothetical
ontological link evaluation or set of questions being evalu-
ated, or may be performed on a permanent basis, e.g., for a
plurality of hypothetical ontological link evaluations and
multiple sets of questions being evaluated.

As mentioned above, in grading the source of evidence in
the corpora, corroborating evidence may be used as one
measure of the veracity of the source. Corroborating evi-
dence may also be used when generating the confidence
score for a particular answer to a question in the set of
questions, or sub-set of questions. That is, if two statements
are made by two different sources and these statements
corroborate one another, then the evidence provided by these
statements tends to be more reliable and a relative scoring or
weighting of the score associated with the evidence may be
increased. Negative corroboration may also be evaluated
where two statements directly contradict one another in
which case the scoring or relative weighting of the evidence
provided by the contradictory statements is reduced. Of
course other factors may add to or detract from this level of
corroboration including the grading of the sources of the
statements as well as the level of direct correspondence of
the language used in these statements. Moreover, the defi-
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niteness or certainness of the language used in the state-
ments may also be used to evaluate the level of corrobora-
tion.

All of these factors, or a subset comprising one or more
of'these factors, may be used to evaluate evidence in support
of, or against, a particular answer to a question being correct
or not. This scoring of confidence in an answer to a question
may be used to generate a confidence score for a particular
hypothetical ontological link or, as discussed in greater
detail hereafter, a sub-link that is one part of the hypothetical
ontological link. As discussed hereafter, multiple such
scores, associated with multiple heterogeneous sub-links,
may be aggregated to generate a score for the hypothetical
ontological link as a whole. This aggregation may likewise
be weighted with different scores for different types of
sub-links being weighted differently.

As a result of the scoring of the hypothetical ontological
link using the mechanisms of the illustrative embodiments,
the hypothetical ontological link may have its status
upgraded to an actual link within the ontology. That is, if the
score for the hypothetical ontological link meets or exceeds
a predetermined threshold for inclusion in the ontology as an
actual link, then the ontology may be modified to include the
hypothetical ontological link as an actual link. This may in
turn cause an automated identification of additional hypo-
thetical ontological links and corresponding sets of ques-
tions for evaluation, i.e. additional lines of questioning.
Thus, not only do the mechanisms of the illustrative embodi-
ments evaluate hypothetical ontological links that are either
automatically identified by the mechanisms of the illustra-
tive embodiments or specified by a user, the mechanisms of
the illustrative embodiments further determine additional
hypothetical ontological links and lines of questions to be
evaluated. A notification of these additional hypothetical
ontological links and lines of questions may be provided to
a user for selection of which ones the user wishes to pursue.

Before beginning the discussion of the various aspects of
the illustrative embodiments in more detail, it should first be
appreciated that throughout this description the term
“mechanism” will be used to refer to elements of the present
invention that perform various operations, functions, and the
like. A “mechanism,” as the term is used herein, may be an
implementation of the functions or aspects of the illustrative
embodiments in the form of an apparatus, a procedure, or a
computer program product. In the case of a procedure, the
procedure is implemented by one or more devices, appara-
tus, computers, data processing systems, or the like. In the
case of a computer program product, the logic represented
by computer code or instructions embodied in or on the
computer program product is executed by one or more
hardware devices in order to implement the functionality or
perform the operations associated with the specific “mecha-
nism.” Thus, the mechanisms described herein may be
implemented as specialized hardware, software executing on
general purpose hardware, software instructions stored on a
medium such that the instructions are readily executable by
specialized or general purpose hardware, a procedure or
method for executing the functions, or a combination of any
of the above.

The present description and claims may make use of the
terms “a”, “at least one of”, and “one or more of”” with regard
to particular features and elements of the illustrative
embodiments. It should be appreciated that these terms and
phrases are intended to state that there is at least one of the
particular feature or element present in the particular illus-
trative embodiment, but that more than one can also be
present. That is, these terms/phrases are not intended to limit
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the description or claims to a single feature/element being
present or require that a plurality of such features/elements
be present. To the contrary, these terms/phrases only require
at least a single feature/element with the possibility of a
plurality of such features/elements being within the scope of
the description and claims.

In addition, it should be appreciated that the following
description uses a plurality of various examples for various
elements of the illustrative embodiments to further illustrate
example implementations of the illustrative embodiments
and to aid in the understanding of the mechanisms of the
illustrative embodiments. These examples are intended to be
non-limiting and are not exhaustive of the various possibili-
ties for implementing the mechanisms of the illustrative
embodiments. It will be apparent to those of ordinary skill
in the art in view of the present description that there are
many other alternative implementations for these various
elements that may be utilized in addition to, or in replace-
ment of, the examples provided herein without departing
from the spirit and scope of the present invention.

The present invention may be a system, a method, and/or
a computer program product. The computer program prod-
uct may include a computer readable storage medium (or
media) having computer readable program instructions
thereon for causing a processor to carry out aspects of the
present invention.

The computer readable storage medium can be a tangible
device that can retain and store instructions for use by an
instruction execution device. The computer readable storage
medium may be, for example, but is not limited to, an
electronic storage device, a magnetic storage device, an
optical storage device, an electromagnetic storage device, a
semiconductor storage device, or any suitable combination
of the foregoing. A non-exhaustive list of more specific
examples of the computer readable storage medium includes
the following: a portable computer diskette, a hard disk, a
random access memory (RAM), a read-only memory
(ROM), an erasable programmable read-only memory
(EPROM or Flash memory), a static random access memory
(SRAM), a portable compact disc read-only memory (CD-
ROM), a digital versatile disk (DVD), a memory stick, a
floppy disk, a mechanically encoded device such as punch-
cards or raised structures in a groove having instructions
recorded thereon, and any suitable combination of the fore-
going. A computer readable storage medium, as used herein,
is not to be construed as being transitory signals per se, such
as radio waves or other freely propagating electromagnetic
waves, electromagnetic waves propagating through a wave-
guide or other transmission media (e.g., light pulses passing
through a fiber-optic cable), or electrical signals transmitted
through a wire.

Computer readable program instructions described herein
can be downloaded to respective computing/processing
devices from a computer readable storage medium or to an
external computer or external storage device via a network,
for example, the Internet, a local area network, a wide area
network and/or a wireless network. The network may com-
prise copper transmission cables, optical transmission fibers,
wireless transmission, routers, firewalls, switches, gateway
computers and/or edge servers. A network adapter card or
network interface in each computing/processing device
receives computer readable program instructions from the
network and forwards the computer readable program
instructions for storage in a computer readable storage
medium within the respective computing/processing device.

Computer readable program instructions for carrying out
operations of the present invention may be assembler
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instructions, instruction-set-architecture (ISA) instructions,
machine instructions, machine dependent instructions,
microcode, firmware instructions, state-setting data, or
either source code or object code written in any combination
of one or more programming languages, including an object
oriented programming language such as Java, Smalltalk,
C++ or the like, and conventional procedural programming
languages, such as the “C” programming language or similar
programming languages. The computer readable program
instructions may execute entirely on the user’s computer,
partly on the user’s computer, as a stand-alone software
package, partly on the user’s computer and partly on a
remote computer or entirely on the remote computer or
server. In the latter scenario, the remote computer may be
connected to the user’s computer through any type of
network, including a local area network (LAN) or a wide
area network (WAN), or the connection may be made to an
external computer (for example, through the Internet using
an Internet Service Provider). In some embodiments, elec-
tronic circuitry including, for example, programmable logic
circuitry, field-programmable gate arrays (FPGA), or pro-
grammable logic arrays (PLA) may execute the computer
readable program instructions by utilizing state information
of'the computer readable program instructions to personalize
the electronic circuitry, in order to perform aspects of the
present invention.

Aspects of the present invention are described herein with
reference to flowchart illustrations and/or block diagrams of
methods, apparatus (systems), and computer program prod-
ucts according to embodiments of the invention. It will be
understood that each block of the flowchart illustrations
and/or block diagrams, and combinations of blocks in the
flowchart illustrations and/or block diagrams, can be imple-
mented by computer readable program instructions.

These computer readable program instructions may be
provided to a processor of a general purpose computer,
special purpose computer, or other programmable data pro-
cessing apparatus to produce a machine, such that the
instructions, which execute via the processor of the com-
puter or other programmable data processing apparatus,
create means for implementing the functions/acts specified
in the flowchart and/or block diagram block or blocks. These
computer readable program instructions may also be stored
in a computer readable storage medium that can direct a
computer, a programmable data processing apparatus, and/
or other devices to function in a particular manner, such that
the computer readable storage medium having instructions
stored therein comprises an article of manufacture including
instructions which implement aspects of the function/act
specified in the flowchart and/or block diagram block or
blocks.

The computer readable program instructions may also be
loaded onto a computer, other programmable data process-
ing apparatus, or other device to cause a series of operational
steps to be performed on the computer, other programmable
apparatus or other device to produce a computer imple-
mented process, such that the instructions which execute on
the computer, other programmable apparatus, or other
device implement the functions/acts specified in the flow-
chart and/or block diagram block or blocks.

The flowchart and block diagrams in the Figures illustrate
the architecture, functionality, and operation of possible
implementations of systems, methods, and computer pro-
gram products according to various embodiments of the
present invention. In this regard, each block in the flowchart
or block diagrams may represent a module, segment, or
portion of instructions, which comprises one or more



US 9,472,115 B2

11

executable instructions for implementing the specified logi-
cal function(s). In some alternative implementations, the
functions noted in the block may occur out of the order noted
in the figures. For example, two blocks shown in succession
may, in fact, be executed substantially concurrently, or the
blocks may sometimes be executed in the reverse order,
depending upon the functionality involved. It will also be
noted that each block of the block diagrams and/or flowchart
illustration, and combinations of blocks in the block dia-
grams and/or flowchart illustration, can be implemented by
special purpose hardware-based systems that perform the
specified functions or acts or carry out combinations of
special purpose hardware and computer instructions.

The illustrative embodiments may be utilized in many
different types of data processing environments. For pur-
poses of the following description of illustrative embodi-
ments, it will be assumed that the data processing environ-
ment used to implement the mechanisms of the illustrative
embodiments, or with which the mechanisms of the illus-
trative embodiments are associated, is a Question Answering
(QA) data processing system environment with the question
answering logic being provided via a trained QA system,
such as the IBM Watson™ QA system available from IBM
Corporation of Armonk, N.Y. While a QA system will be
used as an example for describing the illustrative embodi-
ments, it should be appreciated that any knowledge system
which operates on a corpus of evidence to support/refute
ontological relationships between information concepts in
an ontology may be used without departing from the spirit
and scope of the illustrative embodiments. Moreover, it
should be appreciated that the following description of a QA
system is only intended to present examples and is not
intended to assert or imply any limitation with regard to the
environments in which aspects or embodiments of the
present invention may be implemented. Many modifications
to the depicted environments may be made without depart-
ing from the spirit and scope of the present invention.

FIGS. 1-3 are directed to describing an example Question
Answering (QA) system (also referred to as a Question/
Answer system or Question and Answer system), method-
ology, and computer program product with which the
mechanisms of the illustrative embodiments are imple-
mented. As will be discussed in greater detail hereafter, the
illustrative embodiments are integrated in, augment, and
extend the functionality of these QA mechanisms with
regard to identifying hypothetical links between information
concepts within an ontology, evaluating those hypothetical
links between information concepts with regard to support-
ing evidence from one or more corpora, and generating an
output of the results of such evaluations so as to inform a
user of potential links between information concepts and/or
updates to the ontology.

Thus, it is important to first have an understanding of how
question and answer creation in a QA system is implemented
before describing how the mechanisms of the illustrative
embodiments are integrated in and augment such QA sys-
tems. It should be appreciated that the QA mechanisms
described in FIGS. 1-3 are only examples and are not
intended to state or imply any limitation with regard to the
type of QA mechanisms with which the illustrative embodi-
ments are implemented. Many modifications to the example
QA system shown in FIGS. 1-3 may be implemented in
various embodiments of the present invention without
departing from the spirit and scope of the present invention.

As an overview, a Question Answering system (QA
system) is an artificial intelligence application executing on
data processing hardware that answers questions pertaining
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to a given subject-matter domain presented in natural lan-
guage. The QA system receives inputs from various sources
including input over a network, a corpus of electronic
documents or other data, data from a content creator, infor-
mation from one or more content users, and other such
inputs from other possible sources of input. Data storage
devices store the corpus of data. A content creator creates
content in a document for use as part of a corpus of data with
the QA system. The document may include any file, text,
article, or source of data for use in the QA system. For
example, a QA system accesses a body of knowledge about
the domain, or subject matter area, e.g., financial domain,
medical domain, legal domain, etc., where the body of
knowledge (knowledgebase) can be organized in a variety of
configurations, e.g., a structured repository of domain-spe-
cific information, such as ontologies, or unstructured data
related to the domain, or a collection of natural language
documents about the domain.

Content users input questions to the QA system which
then answers the input questions using the content in the
corpus of data by evaluating documents, sections of docu-
ments, portions of data in the corpus, or the like. When a
process evaluates a given section of a document for semantic
content, the process can use a variety of conventions to
query such document from the QA system, e.g., sending the
query to the QA system as a well-formed question which is
then interpreted by the QA system and a response is pro-
vided containing one or more answers to the question.
Semantic content is content based on the relation between
signifiers, such as words, phrases, signs, and symbols, and
what they stand for, their denotation, or connotation. In other
words, semantic content is content that interprets an expres-
sion, such as by using Natural Language Processing.

As will be described in greater detail hereafter, the QA
system receives an input question, parses the question to
extract the major features of the question, uses the extracted
features to formulate queries, and then applies those queries
to the corpus of data. Based on the application of the queries
to the corpus of data, the QA system generates a set of
hypotheses, or candidate answers to the input question, by
looking across the corpus of data for portions of the corpus
of data that have some potential for containing a valuable
response to the input question. The QA system then per-
forms deep analysis on the language of the input question
and the language used in each of the portions of the corpus
of data found during the application of the queries using a
variety of reasoning algorithms. There may be hundreds or
even thousands of reasoning algorithms applied, each of
which performs different analysis, e.g., comparisons, natural
language analysis, lexical analysis, or the like, and generates
a score. For example, some reasoning algorithms may look
at the matching of terms and synonyms within the language
of the input question and the found portions of the corpus of
data. Other reasoning algorithms may look at temporal or
spatial features in the language, while others may evaluate
the source of the portion of the corpus of data and evaluate
its veracity.

The scores obtained from the various reasoning algo-
rithms indicate the extent to which the potential response is
inferred by the input question based on the specific area of
focus of that reasoning algorithm. Each resulting score is
then weighted against a statistical model. The statistical
model captures how well the reasoning algorithm performed
at establishing the inference between two similar passages
for a particular domain during the training period of the QA
system. The statistical model is used to summarize a level of
confidence that the QA system has regarding the evidence
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that the potential response, i.e. candidate answer, is inferred
by the question. This process is repeated for each of the
candidate answers until the QA system identifies candidate
answers that surface as being significantly stronger than
others and thus, generates a final answer, or ranked set of
answers, for the input question.

As mentioned above, QA systems and mechanisms oper-
ate by accessing information from a corpus of data or
information (also referred to as a corpus of content), ana-
lyzing it, and then generating answer results based on the
analysis of this data. Accessing information from a corpus of
data typically includes: a database query that answers ques-
tions about what is in a collection of structured records, and
a search that delivers a collection of document links in
response to a query against a collection of unstructured data
(text, markup language, etc.). Conventional question
answering systems are capable of generating answers based
on the corpus of data and the input question, verifying
answers to a collection of questions for the corpus of data,
correcting errors in digital text using a corpus of data, and
selecting answers to questions from a pool of potential
answers, i.e. candidate answers.

Content creators, such as article authors, electronic docu-
ment creators, web page authors, document database cre-
ators, and the like, determine use cases for products, solu-
tions, and services described in such content before writing
their content. Consequently, the content creators know what
questions the content is intended to answer in a particular
topic addressed by the content. Categorizing the questions,
such as in terms of roles, type of information, tasks, or the
like, associated with the question, in each document of a
corpus of data allows the QA system to more quickly and
efficiently identify documents containing content related to
a specific query. The content may also answer other ques-
tions that the content creator did not contemplate that may
be useful to content users. The questions and answers may
be verified by the content creator to be contained in the
content for a given document. These capabilities contribute
to improved accuracy, system performance, machine learn-
ing, and confidence of the QA system. Content creators,
automated tools, or the like, annotate or otherwise generate
metadata for providing information useable by the QA
system to identify these question and answer attributes of the
content.

Operating on such content, the QA system generates
answers for input questions using a plurality of intensive
analysis mechanisms which evaluate the content to identify
the most probable answers, i.e. candidate answers, for the
input question. The most probable answers are output as a
ranked listing of candidate answers ranked according to their
relative scores or confidence measures calculated during
evaluation of the candidate answers, as a single final answer
having a highest ranking score or confidence measure, or
which is a best match to the input question, or a combination
of ranked listing and final answer.

FIG. 1 depicts a schematic diagram of one illustrative
embodiment of a question/answer creation (QA) system 100
in a computer network 102. One example of a question/
answer generation which may be used in conjunction with
the principles described herein is described in U.S. Patent
Application Publication No. 2011/0125734, which is herein
incorporated by reference in its entirety. The QA system 100
is implemented on one or more computing devices 104
(comprising one or more processors and one or more memo-
ries, and potentially any other computing device elements
generally known in the art including buses, storage devices,
communication interfaces, and the like) connected to the
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computer network 102. The network 102 includes multiple
computing devices 104 in communication with each other
and with other devices or components via one or more wired
and/or wireless data communication links, where each com-
munication link comprises one or more of wires, routers,
switches, transmitters, receivers, or the like. The QA system
100 and network 102 enables question/answer (QA) gen-
eration functionality for one or more QA system users via
their respective computing devices 110-112. Other embodi-
ments of the QA system 100 may be used with components,
systems, sub-systems, and/or devices other than those that
are depicted herein.

The QA system 100 is configured to implement a QA
system pipeline 108 that receive inputs from various
sources. For example, the QA system 100 receives input
from the network 102, a corpus of electronic documents 106,
QA system users, and/or other data and other possible
sources of input. In one embodiment, some or all of the
inputs to the QA system 100 are routed through the network
102. The various computing devices 104 on the network 102
include access points for content creators and QA system
users. Some of the computing devices 104 include devices
for a database storing the corpus of data 106 (which is shown
as a separate entity in FIG. 1 for illustrative purposes only).
Portions of the corpus of data 106 may also be provided on
one or more other network attached storage devices, in one
or more databases, or other computing devices not explicitly
shown in FIG. 1. The network 102 includes local network
connections and remote connections in various embodi-
ments, such that the QA system 100 may operate in envi-
ronments of any size, including local and global, e.g., the
Internet.

In one embodiment, the content creator creates content in
a document of the corpus of data 106 for use as part of a
corpus of data with the QA system 100. The document
includes any file, text, article, or source of data for use in the
QA system 100. QA system users access the QA system 100
via a network connection or an Internet connection to the
network 102, and input questions to the QA system 100 that
are answered by the content in the corpus of data 106. In one
embodiment, the questions are formed using natural lan-
guage. The QA system 100 parses and interprets the ques-
tion, and provides a response to the QA system user, e.g.,
QA system user 110, containing one or more answers to the
question. In some embodiments, the QA system 100 pro-
vides a response to users in a ranked list of candidate
answers while in other illustrative embodiments, the QA
system 100 provides a single final answer or a combination
of a final answer and ranked listing of other candidate
answers.

The QA system 100 implements a QA system pipeline
108 which comprises a plurality of stages for processing an
input question and the corpus of data 106. The QA system
pipeline 108 generates answers for the input question based
on the processing of the input question and the corpus of
data 106. The QA system pipeline 108 will be described in
greater detail hereafter with regard to FIG. 3.

In some illustrative embodiments, the QA system 100
may be the IBM Watson™ QA system available from
International Business Machines Corporation of Armonk,
N.Y., which is augmented with the mechanisms of the
illustrative embodiments described hereafter. As outlined
previously, the IBM Watson™ QA system receives an input
question which it then parses to extract the major features of
the question, that in turn are then used to formulate queries
that are applied to the corpus of data. Based on the appli-
cation of the queries to the corpus of data, a set of hypoth-



US 9,472,115 B2

15

eses, or candidate answers to the input question, are gener-
ated by looking across the corpus of data for portions of the
corpus of data that have some potential for containing a
valuable response to the input question. The IBM Watson™
QA system then performs deep analysis on the language of
the input question and the language used in each of the
portions of the corpus of data found during the application
of the queries using a variety of reasoning algorithms. The
scores obtained from the various reasoning algorithms are
then weighted against a statistical model that summarizes a
level of confidence that the IBM Watson™ QA system has
regarding the evidence that the potential response, i.e. can-
didate answer, is inferred by the question. This process is to
be repeated for each of the candidate answers to generate
ranked listing of candidate answers which may then be
presented to the user that submitted the input question, or
from which a final answer is selected and presented to the
user. More information about the IBM Watson™ QA system
may be obtained, for example, from the IBM Corporation
website, IBM Redbooks, and the like. For example, infor-
mation about the IBM Watson™ QA system can be found in
Yuan et al., “Watson and Healthcare,” IBM developerWorks,
2011 and “The Era of Cognitive Systems: An Inside Look at
IBM Watson and How it Works” by Rob High, IBM Red-
books, 2012.

In accordance with the mechanisms of the illustrative
embodiments, the QA system 100 operates in conjunction
with, or may have integrated into the QA system 100, a
hypothetical ontological link identification and evaluation
engine 150 to evaluate an ontology of information concepts,
identify other hypothetical ontological links that could pos-
sibly exist within the ontology, and then evaluate those
hypothetical ontological links to determine the amount of
evidential support for or against those hypothetical onto-
logical links being valid actual ontological links. In doing
s0, the hypothetical ontological link identification and evalu-
ation engine 150 operates on an ontology data structure 160
that specifies a plurality of instances of information concept
entities of the same or various different types and their
known ontological links of the same or various types.

The ontology 160 is analyzed and evaluated to determine
the possibly hypothetical ontological links between infor-
mation concept entities. A hypothetical ontological link is
then evaluated to determine the type(s) of information
concept entities associated with the hypothetical link and the
type(s) of the hypothetical link between the information
concept entities. The type(s) of information concept entities
and the type of the hypothetical link are used to retrieve one
or more sets of questions for evaluating the hypothetical
ontological link. These questions are then submitted to the
QA system 100 for evaluation against the evidence provided
in the corpus or corpora to thereby generate candidate
answers to the questions and determine a confidence in these
candidate answers. The confidence in the candidate answers
serves to provide a measure of evaluation for the hypotheti-
cal ontological link with regard to whether the hypothetical
ontological link is more or less likely to be an actual
ontological link within the ontology even though the ontol-
ogy did not originally include that link explicitly. The
operation for identifying hypothetical ontological links and
evaluating them will be described in greater detail hereafter.

FIG. 2 is a block diagram of an example data processing
system in which aspects of the illustrative embodiments are
implemented. Data processing system 200 is an example of
a computer, such as server 104 or client 110 in FIG. 1, in
which computer usable code or instructions implementing
the processes for illustrative embodiments of the present

5

10

15

20

25

30

35

40

45

50

55

60

65

16

invention are located. In one illustrative embodiment, FIG.
2 represents a server computing device, such as a server 104,
which implements a QA system 100 and QA system pipeline
108 augmented to include the additional mechanisms of the
illustrative embodiments described hereafter.

In the depicted example, data processing system 200
employs a hub architecture including north bridge and
memory controller hub (NB/MCH) 202 and south bridge
and input/output (I/O) controller hub (SB/ICH) 204. Pro-
cessing unit 206, main memory 208, and graphics processor
210 are connected to NB/MCH 202. Graphics processor 210
is connected to NB/MCH 202 through an accelerated graph-
ics port (AGP).

In the depicted example, local area network (LAN)
adapter 212 connects to SB/ICH 204. Audio adapter 216,
keyboard and mouse adapter 220, modem 222, read only
memory (ROM) 224, hard disk drive (HDD) 226, CD-ROM
drive 230, universal serial bus (USB) ports and other com-
munication ports 232, and PCI/PCle devices 234 connect to
SB/ICH 204 through bus 238 and bus 240. PCI/PCle devices
may include, for example, Ethernet adapters, add-in cards,
and PC cards for notebook computers. PCI uses a card bus
controller, while PCle does not. ROM 224 may be, for
example, a flash basic input/output system (BIOS).

HDD 226 and CD-ROM drive 230 connect to SB/ICH
204 through bus 240. HDD 226 and CD-ROM drive 230
may use, for example, an integrated drive electronics (IDE)
or serial advanced technology attachment (SATA) interface.
Super [/O (SIO) device 236 is connected to SB/ICH 204.

An operating system runs on processing unit 206. The
operating system coordinates and provides control of vari-
ous components within the data processing system 200 in
FIG. 2. As a client, the operating system is a commercially
available operating system such as Microsoft® Windows
8®. An object-oriented programming system, such as the
Java™ programming system, may run in conjunction with
the operating system and provides calls to the operating
system from Java™ programs or applications executing on
data processing system 200.

As a server, data processing system 200 may be, for
example, an IBM® eServer™ System P® computer system,
running the Advanced Interactive Executive (AIX®) oper-
ating system or the LINUX® operating system. Data pro-
cessing system 200 may be a symmetric multiprocessor
(SMP) system including a plurality of processors in pro-
cessing unit 206. Alternatively, a single processor system
may be employed.

Instructions for the operating system, the object-oriented
programming system, and applications or programs are
located on storage devices, such as HDD 226, and are loaded
into main memory 208 for execution by processing unit 206.
The processes for illustrative embodiments of the present
invention are performed by processing unit 206 using com-
puter usable program code, which is located in a memory
such as, for example, main memory 208, ROM 224, or in
one or more peripheral devices 226 and 230, for example.

A bus system, such as bus 238 or bus 240 as shown in
FIG. 2, is comprised of one or more buses. Of course, the bus
system may be implemented using any type of communi-
cation fabric or architecture that provides for a transfer of
data between different components or devices attached to the
fabric or architecture. A communication unit, such as
modem 222 or network adapter 212 of FIG. 2, includes one
or more devices used to transmit and receive data. A memory
may be, for example, main memory 208, ROM 224, or a
cache such as found in NB/MCH 202 in FIG. 2.
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Those of ordinary skill in the art will appreciate that the
hardware depicted in FIGS. 1 and 2 may vary depending on
the implementation. Other internal hardware or peripheral
devices, such as flash memory, equivalent non-volatile
memory, or optical disk drives and the like, may be used in
addition to or in place of the hardware depicted in FIGS. 1
and 2. Also, the processes of the illustrative embodiments
may be applied to a multiprocessor data processing system,
other than the SMP system mentioned previously, without
departing from the spirit and scope of the present invention.

Moreover, the data processing system 200 may take the
form of any of a number of different data processing systems
including client computing devices, server computing
devices, a tablet computer, laptop computer, telephone or
other communication device, a personal digital assistant
(PDA), or the like. In some illustrative examples, data
processing system 200 may be a portable computing device
that is configured with flash memory to provide non-volatile
memory for storing operating system files and/or user-
generated data, for example. Essentially, data processing
system 200 may be any known or later developed data
processing system without architectural limitation.

FIG. 3 illustrates a QA system pipeline for processing an
input question in accordance with one illustrative embodi-
ment. The QA system pipeline of FIG. 3 may be imple-
mented, for example, as QA system pipeline 108 of QA
system 100 in FIG. 1. It should be appreciated that the stages
of'the QA system pipeline shown in FIG. 3 are implemented
as one or more software engines, components, or the like,
which are configured with logic for implementing the func-
tionality attributed to the particular stage. Each stage is
implemented using one or more of such software engines,
components or the like. The software engines, components,
etc. are executed on one or more processors of one or more
data processing systems or devices and utilize or operate on
data stored in one or more data storage devices, memories,
or the like, on one or more of the data processing systems.
The QA system pipeline of FIG. 3 is augmented, for
example, in one or more of the stages to implement the
improved mechanism of the illustrative embodiments
described hereafter, additional stages may be provided to
implement the improved mechanism, or separate logic from
the pipeline 300 may be provided for interfacing with the
pipeline 300 and implementing the improved functionality
and operations of the illustrative embodiments.

As shown in FIG. 3, the QA system pipeline 300 com-
prises a plurality of stages 310-380 through which the QA
system operates to analyze an input question and generate a
final response. In an initial question input stage 310, the QA
system receives an input question that is presented in a
natural language format. That is, a user inputs, via a user
interface, an input question for which the user wishes to
obtain an answer, e.g., “Who are Washington’s closest
advisors?” In response to receiving the input question, the
next stage of the QA system pipeline 300, i.e. the question
and topic analysis stage 320, parses the input question using
natural language processing (NLP) techniques to extract
major features from the input question, and classify the
major features according to types, e.g., names, dates, or any
of a plethora of other defined topics. For example, in the
example question above, the term “who” may be associated
with a topic for “persons” indicating that the identity of a
person is being sought, “Washington™ may be identified as
a proper name of a person with which the question is
associated, “closest” may be identified as a word indicative
of proximity or relationship, and “advisors” may be indica-
tive of a noun or other language topic.
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In addition, the extracted major features include key
words and phrases classified into question characteristics,
such as the focus of the question, the lexical answer type
(LAT) of the question, and the like. As referred to herein, a
lexical answer type (LAT) is a word in, or a word inferred
from, the input question that indicates the type of the answer,
independent of assigning semantics to that word. For
example, in the question “What maneuver was invented in
the 1500s to speed up the game and involves two pieces of
the same color?,” the LAT is the string “maneuver.” The
focus of a question is the part of the question that, if replaced
by the answer, makes the question a standalone statement.
For example, in the question “What drug has been shown to
relieve the symptoms of ADD with relatively few side
effects?,” the focus is “drug” since if this word were replaced
with the answer, e.g., the answer “Adderall” can be used to
replace the term “drug” to generate the sentence “Adderall
has been shown to relieve the symptoms of ADD with
relatively few side effects.” The focus often, but not always,
contains the LAT. On the other hand, in many cases it is not
possible to infer a meaningful LAT from the focus.

Referring again to FIG. 3, the identified major features are
then used during the question decomposition stage 330 to
decompose the question into one or more queries that are
applied to the corpora of data/information 345 in order to
generate one or more hypotheses. The queries are generated
in any known or later developed query language, such as the
Structure Query Language (SQL), or the like. The queries
are applied to one or more databases storing information
about the electronic texts, documents, articles, websites, and
the like, that make up the corpora of data/information 345.
That is, these various sources themselves, different collec-
tions of sources, and the like, represent a different corpus
347 within the corpora 345. There may be different corpora
347 defined for different collections of documents based on
various criteria depending upon the particular implementa-
tion. For example, different corpora may be established for
different topics, subject matter categories, sources of infor-
mation, or the like. As one example, a first corpus may be
associated with healthcare documents while a second corpus
may be associated with financial documents. Alternatively,
one corpus may be documents published by the U.S. Depart-
ment of Energy while another corpus may be IBM Redbooks
documents. Any collection of content having some similar
attribute may be considered to be a corpus 347 within the
corpora 345.

The queries are applied to one or more databases storing
information about the electronic texts, documents, articles,
websites, and the like, that make up the corpus of data/
information, e.g., the corpus of data 106 in FIG. 1. The
queries are applied to the corpus of data/information at the
hypothesis generation stage 340 to generate results identi-
fying potential hypotheses for answering the input question,
which can then be evaluated. That is, the application of the
queries results in the extraction of portions of the corpus of
data/information matching the criteria of the particular
query. These portions of the corpus are then analyzed and
used, during the hypothesis generation stage 340, to generate
hypotheses for answering the input question. These hypoth-
eses are also referred to herein as “candidate answers” for
the input question. For any input question, at this stage 340,
there may be hundreds of hypotheses or candidate answers
generated that may need to be evaluated.

The QA system pipeline 300, in stage 350, then performs
a deep analysis and comparison of the language of the input
question and the language of each hypothesis or “candidate
answer,” as well as performs evidence scoring to evaluate
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the likelihood that the particular hypothesis is a correct
answer for the input question. As mentioned above, this
involves using a plurality of reasoning algorithms, each
performing a separate type of analysis of the language of the
input question and/or content of the corpus that provides
evidence in support of, or not in support of, the hypothesis.
Each reasoning algorithm generates a score based on the
analysis it performs which indicates a measure of relevance
of the individual portions of the corpus of data/information
extracted by application of the queries as well as a measure
of the correctness of the corresponding hypothesis, ie. a
measure of confidence in the hypothesis. There are various
ways of generating such scores depending upon the particu-
lar analysis being performed. In general, however, these
algorithms look for particular terms, phrases, or patterns of
text that are indicative of terms, phrases, or patterns of
interest and determine a degree of matching with higher
degrees of matching being given relatively higher scores
than lower degrees of matching.

Thus, for example, an algorithm may be configured to
look for the exact term from an input question or synonyms
to that term in the input question, e.g., the exact term or
synonyms for the term “movie,” and generate a score based
on a frequency of use of these exact terms or synonyms. In
such a case, exact matches will be given the highest scores,
while synonyms may be given lower scores based on a
relative ranking of the synonyms as may be specified by a
subject matter expert (person with knowledge of the par-
ticular domain and terminology used) or automatically
determined from frequency of use of the synonym in the
corpus corresponding to the domain. Thus, for example, an
exact match of the term “movie” in content of the corpus
(also referred to as evidence, or evidence passages) is given
a highest score. A synonym of movie, such as “motion
picture” may be given a lower score but still higher than a
synonym of the type “film” or “moving picture show.”
Instances of the exact matches and synonyms for each
evidence passage may be compiled and used in a quantita-
tive function to generate a score for the degree of matching
of the evidence passage to the input question.

Thus, for example, a hypothesis or candidate answer to
the input question of “What was the first movie?” is “The
Horse in Motion.” If the evidence passage contains the
statements “The first motion picture ever made was ‘The
Horse in Motion’ in 1878 by Eadweard Muybridge. It was a
movie of a horse running,” and the algorithm is looking for
exact matches or synonyms to the focus of the input ques-
tion, i.e. “movie,” then an exact match of “movie” is found
in the second sentence of the evidence passage and a highly
scored synonym to “movie,” i.e. “motion picture,” is found
in the first sentence of the evidence passage. This may be
combined with further analysis of the evidence passage to
identify that the text of the candidate answer is present in the
evidence passage as well, i.e. “The Horse in Motion.” These
factors may be combined to give this evidence passage a
relatively high score as supporting evidence for the candi-
date answer “The Horse in Motion” being a correct answer.

It should be appreciated that this is just one simple
example of how scoring can be performed. Many other
algorithms of various complexities may be used to generate
scores for candidate answers and evidence without departing
from the spirit and scope of the present invention.

In the synthesis stage 360, the large number of scores
generated by the various reasoning algorithms are synthe-
sized into confidence scores or confidence measures for the
various hypotheses. This process involves applying weights
to the various scores, where the weights have been deter-
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mined through training of the statistical model employed by
the QA system and/or dynamically updated. For example,
the weights for scores generated by algorithms that identify
exactly matching terms and synonym may be set relatively
higher than other algorithms that are evaluating publication
dates for evidence passages. The weights themselves may be
specified by subject matter experts or learned through
machine learning processes that evaluate the significance of
characteristics evidence passages and their relative impor-
tance to overall candidate answer generation.

The weighted scores are processed in accordance with a
statistical model generated through training of the QA
system that identifies a manner by which these scores may
be combined to generate a confidence score or measure for
the individual hypotheses or candidate answers. This con-
fidence score or measure summarizes the level of confidence
that the QA system has about the evidence that the candidate
answer is inferred by the input question, i.e. that the candi-
date answer is the correct answer for the input question.

The resulting confidence scores or measures are processed
by a final confidence merging and ranking stage 370 which
compares the confidence scores and measures to each other,
compares them against predetermined thresholds, or per-
forms any other analysis on the confidence scores to deter-
mine which hypotheses/candidate answers are the most
likely to be the correct answer to the input question. The
hypotheses/candidate answers are ranked according to these
comparisons to generate a ranked listing of hypotheses/
candidate answers (hereafter simply referred to as “candi-
date answers”). From the ranked listing of candidate
answers, at stage 380, a final answer and confidence score,
or final set of candidate answers and confidence scores, are
generated and output to the submitter of the original input
question via a graphical user interface or other mechanism
for outputting information.

The illustrative embodiments utilize the QA system of
FIGS. 1-3 to answer questions for evaluating a hypothetical
ontological link. As such, the QA system pipeline 300 may
be utilized to receive an input question regarding the hypo-
thetical ontological link and evaluate the input question
against the corpus 347 or corpora 345 to generate candidate
answers and evidential support for/against the candidate
answers. The candidate answers and their evidential support
are used to generate a final answer to the question and
corresponding confidence value. The final answers to each
of the questions presented for a particular hypothetical
ontological link are then used to generate a confidence score
for the hypothetical ontological link itself through a link
scoring operation that takes into consideration the type and
characteristics of the hypothetical ontological link, the type
and characteristics of the information concept objects asso-
ciated with the hypothetical ontological links, the type and
characteristics of any sub-links of the hypothetical ontologi-
cal link, and the type and characteristics of the evidential
support for/against the sub-links and hypothetical ontologi-
cal link being actual valid links. In generating such confi-
dence scores, or simply “scores”, for these sub-links and
hypothetical ontological links, collaboration of evidence,
grading of sources, certainty of statements in the evidence,
and the like, may be evaluated to adjust the weightings and
relative scorings of evidence in support of or against a
candidate answer being correct and/or the scoring of a
particular sub-link and/or the hypothetical ontological link
as a whole.

Multiple types of sub-links between the same information
concepts may be aggregated along with their corresponding
confidence scores to determine an aggregate score for the
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hypothetical ontological link between the information con-
cepts as a whole, e.g., hypothetical ontological links of types
“person A calls person B”, “person A meets with person B,”
“person A texts with person B” and the like may be com-
bined to determine a value for the overall hypothetical
ontological link that “person A knows person B” or “person
A is an acquaintance of person B.” This aggregate score for
the overall hypothetical ontological link between the infor-
mation concepts may be used to determine whether the
hypothetical ontological link is an actual link that should be
represented within the ontology.

FIG. 4 is an example block diagram illustrating the
primary operational elements of a hypothetical ontological
link identification and evaluation engine in accordance with
one illustrative embodiment. As shown in FIG. 4, the
primary operational elements comprise a hypothetical onto-
logical link identification engine 410, a question generator
420, one or more hypothetical link evaluation pipelines 430,
a link scoring and analyzer engine 440, and ontology modi-
fication engine 450. The hypothetical ontological link
engine 410 operates on an ontology data structure 460 that
comprises information concept objects 462 and links 464
between information concept objects. These information
concept objects 462 and links 464 have associated attributes
including a type with the type being one of a plurality of
pre-defined types, e.g., a person, a place, a type of thing, a
type of event, etc. Types may be specified at any desired
granularity depending upon the particular implementation.

The hypothetical ontological link identification engine
410 operates automatically through analysis of the ontology
460 to determine possible hypothetical ontological links
between information concept objects 462 of the ontology
460, i.e. links that are not present in the actual links 464 of
the ontology 460 (i.e. links that do not explicitly exist in the
evidential data) but may have a likelihood of existing in
actuality and may be added to the ontology 460. In auto-
matically identifying such hypothetical ontological links, the
hypothetical ontological link identification engine 410 is
configured with logic to evaluate various types of informa-
tion concept objects 462, their actual links 464, and deter-
mine through inference other types of links that may exist.

For example, the logic of the hypothetical ontological link
identification engine 410 may analyze the links (also
referred to herein as “relationships™) between an information
concept object for “John Smith” and other individuals,
events, locations, and the like, specified as other information
concept objects 462 in the ontology 460. For example,
through analysis it may be determined that John Smith
knows Jane Jones. In addition, the information concept
objects 462 with which the John Smith object has a link may
be analyzed to determine links 464 that they have to other
information concept objects 462. For example, it may be
determined that Jane Jones knows Carl Carter. Further
analysis may determine that John Smith does not have a link
to Carl Carter and thus, since John Smith knows Jane Jones,
and Jane Jones knows Carl Carter, but there is no indication
that John Smith knows Carl Carter, there is a possibility that
John Smith knows Carl Carter but this is not reflected in the
ontology 460. As a result, the hypothetical ontological link
identification engine 410 may generate a hypothetical onto-
logical link between John Smith and Carl Carter for further
evaluation. It should be appreciated that this can be done
with any types of information concept objects 462, any
combination of types of information concept objects, and for
any types of links between any combination of one or more
types of information concept objects.
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Alternatively, a user may provide a manual input of one
or more information concept objects of interest and a type of
link associated with the one or more information concept
objects of interest and/or with other information concept
objects in the ontology 460. The manual input may be a
free-form input from the user via a user interface, a selection
of one or more information concept objects of interest from
a representation of the ontology 460 via a user interface, a
selection of one or more link types from a listing of
pre-defined link types, or the like. For example, a user may
manually input an identifier of an information concept object
462 corresponding to “John Smith” and an identifier of a
type of link of “acquaintances.” In response, the logic of the
hypothetical ontological link identification engine 410 deter-
mines the hypothetical links of the specified type between
the information concept object 462 corresponding to John
Smith and other information concept objects 462 having a
type that correlates with the type of the hypothetical links,
e.g., a link type of “acquaintances” corresponds to informa-
tion concept objects of a “person” type whereas a link type
of “goes to” or “frequents” may correspond to information
concept objects of a “place” type.

All of the possible hypothetical ontological links of the
specified type associated with the identified information
concept object(s) are identified using the ontology 460.
Moreover, rather than specifying a single information con-
cept object and a hypothetical link type, the user may specify
the hypothetical link type and the two or more information
concept objects of interest, e.g., “John Smith” (information
concept object 1 of type: person) “frequents” (hypothetical
ontological link type having associated person and location
information concept objects) “Al’s Electronics™ (informa-
tion concept object 2 of type: location).

It should be appreciated that the hypothetical ontological
link may be a generic link between information concepts
indicating that there is some link between the information
concepts but without a specific type or category. Based on
the information concepts that are being linked, however, it
may be determined that the hypothetical ontological link is
likely one of a plurality of types and each possible sub-link
type may be evaluated using the mechanisms of the illus-
trative embodiments. For example, a link between person A
and person B is likely of a generic type “knows.” However,
there may be many ways that person A may know person B
and each possible way would need to be explored to deter-
mine whether person A knows person B. For example,
person A may be “related to” person B, person A may “work
with” person B, person A may “be an acquaintance of”
person B, person A may have “called” person B, etc. Each
of these types of interactions represent types of links
between person A and person B which together indicate
whether person A knows person B in some capacity. Each of
these types of links may be evaluated and the combination
of the evaluations may be used to ultimately determine
whether person A knows person B. Similar hypothetical
ontological links and sub-links may exist for other generic
types of links between information concepts in an ontology
460.

Whether using the automatic identification of hypotheti-
cal ontological links from analysis of the ontology 460 or
using the manual entry of such hypothetical ontological
links of interest, the hypothetical ontological link identifi-
cation engine 410 outputs the hypothetical ontological links
412 and information concept objects 414 of these hypotheti-
cal ontological links to the question generator 420. Thus, for
example, a user may input that the user wishes to know if
person A knows person B in the ontology 460. From this
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input, the hypothetical ontological link identification engine
410 determines, based on configured logic and associated
data structures, that there are a set of hypothetical ontologi-
cal links 412 that correspond to the particular types of
information concepts (person A and person B) that should be
evaluated, e.g., person A is related to person B, person A
works with person B, person A is acquainted with person B,
etc. Each of these hypothetical ontological links 412 is input
to the question generator 420 to generate a set of questions
for each hypothetical ontological link 412.

The question generator 420 identifies the types of the
information concept objects 414 and hypothetical ontologi-
cal links 412. For a particular hypothetical ontological link
412, the question generator 420 retrieves a corresponding set
of hypothetical link question templates for that particular
hypothetical ontological link type and/or a combination of
that particular hypothetical ontological link type and the
types of the specified information concept objects 414, from
the hypothetical link question template database 422. For
example, if the hypothetical ontological link type is “know”
and the information concept objects 414 include a particular
person or person, a set of question templates for the hypo-
thetical ontological link type may be retrieved.

In some illustrative embodiments, the set of hypothetical
link question templates may be further pruned according to
particular characteristics of the information concept objects
associated with the hypothetical ontological link so as to
identify a sub-set of the hypothetical link question templates
that are specific to the particular combination of information
concept objects being evaluated. For example, if the initial
set of hypothetical link question templates for a hypothetical
ontological link of John robbing Al’s Electronics includes a
large set of question templates, some of which are directed
to robberies of other types of locations, such as a bank,
personal residence, or the like, these questions may be less
relevant than other question templates directed to robberies
of retail establishments. Thus, by looking at the character-
istics of Al’s Electronics information concept object, one of
which may be the type of location being a retail establish-
ment, then the characteristics of the information concept
object may be matched to corresponding characteristics of
question templates in the set of hypothetical link question
templates to thereby filter the set of hypothetical link ques-
tion templates to a sub-set that is relevant to the particular
characteristics of the information concept objects associated
with the hypothetical ontological link, or sub-link, being
evaluated.

The question templates, or sub-set of question templates,
may then be populated with information regarding the
selected information concept objects and/or other informa-
tion concept objects of a particular type within the ontology
460. For example, if a question template is of the type “Does
<person A> know <person B>?" this template may be
populated with the selected information concept object 414
for “John Smith” as “<person A>" with the information
concept objects for other persons in the ontology 460 being
used to populate the second variable field of “<person B>"
such that multiple actual questions of this same template
type are generated and evaluated, e.g., “Does John Smith
know Mary Adams?”, “Does John Smith know Paul Por-
tage?”, etc. Moreover, multiple templates may be retrieved
and each may be the source for generating a set of questions
for different combinations of information concept objects
that may be evaluated by the question answering system. For
example, in addition to the above template, a second tem-
plate of the type “What type of relationship does <person A>
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have with <person B>?" may also be retrieved and used to
generate a set of questions for evaluation.

The sets of questions 424 may then be output to one or
more hypothetical ontological link evaluation pipelines 430.
The hypothetical ontological link evaluation pipelines 430
may each comprise a QA system pipeline 432, such as the
QA system pipeline 300 in FIG. 3, which is used to evaluate
questions input to the QA system pipeline 432. Each QA
system pipeline 432 may be trained for processing particular
types of hypothetical ontological links and the question
generator 420 may route the output questions 424 to the
appropriate QA system pipeline 432 of the hypothetical
ontological link evaluation pipelines 430, e.g., a first QA
system pipeline may be trained to evaluate hypothetical
ontological links of a sub-type of “is related to” while
another second QA system pipeline may be trained to
evaluate hypothetical ontological links of the sub-type
“acquaintance”, etc.

The QA system pipelines 432 evaluate the input questions
against one or more corpora 470 in the manner previously
described above with regard to FIG. 3. As shown in FIG. 4,
the one or more corpora 470 may comprise data of different
types and from different sources that provide evidence for
evaluating relationships (links) between information con-
cept objects 462 in the ontology 460. In one illustrative
embodiment, these sources of information provide annotated
call logs, social website data, electronic communication
data, position determination system data (GPS, cellular
network triangulation information, etc.), crime investigation
data, criminal record data, and the like. There may be
different corpora for different QA system pipelines 432 such
that not all of the QA system pipelines 432 may access the
same set of data in the corpora, e.g., one QA system pipeline
may utilize telephone records in the corpora while another
does not and instead utilizes position determination system
data as part of its corpora.

Mechanisms of the illustrative embodiments may curate
the one or more corpora 470 based on an evaluation of the
sources of content (evidence) in the one or more corpora
470. As mentioned above, the sources of content may be
evaluated to determine the veracity of the sources and a
relative weighting to be attributed to content (evidence)
provided by those sources, or even if evidence from those
sources should be removed from further consideration and
evaluation. This curation of the one or more corpora 470
may result in a temporary or permanent modification of the
one or more corpora with regard to the relative weightings
attributed to the sources and the corresponding evidence
and/or the removal of evidence from the one or more corpora
470 based on the source being removed. In some illustrative
embodiments, if a source is sufficiently highly rated, e.g.
above a predetermined threshold, then additional content
(evidence) from that source may be requested and added to
the one or more corpora 470.

The one or more corpora 470 may be evaluated by the QA
system pipeline 432 to generate answers to the input ques-
tions that are indicative of whether a particular hypothetical
ontological link is more or less likely to be an actual
ontological link in the ontology 460. In addition, the evi-
dence in support of, or refuting, the answer (collectively
referred to herein as “supporting evidence™) to the input
questions may be maintained in association with the answer
for further evaluation by the link scoring and analyzer
engine 440 as described hereafter. That is, the QA system
pipelines 432 output answers 434 to the input questions, the
corresponding confidence scores 436 associated with the
answers, and supporting evidence 438 to the link scoring and
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analyzer engine 440. The link scoring and analyzer engine
440 combines the confidence scores of the answers to
generate a base score for the hypothetical ontological link.
In addition, the link scoring and analyzer engine 440 may
comprise additional logic for analyzing features of the
supporting evidence for each of the answers to the input
questions to thereby adjust these base scores based on the
results of this additional analysis.

For example, when performing link scoring, the link
scoring and analyzer engine 440 may evaluate the time of
day in the supporting evidence represent an interaction of
the information concepts that supports a hypothetical onto-
logical links 412, a duration of the interaction, a frequency
of the interactions, whether the information concepts were
co-located, a type of activity involved in the interactions, a
direction of the interaction (e.g. person A called person B or
person B called person A), and the like. These evidential
characteristics may be specific to the type of evidence being
evaluated, e.g., if the evidence is call records, characteristics
of frequency and duration of calls, direction of calls, and the
like, may be evaluated whereas for evidence of a location
system, characteristics such as geographic coordinate dis-
tances, frequency of co-location, time of day of co-location,
and the like, may be evaluated.

Thus, for example, if supporting evidence shows that John
Smith called Jane Jones (direction of call characteristic) at 9
p-m. (time of day characteristic) on Tuesday (day of week
characteristic) and the call lasted approximately 30 minutes
(duration of call characteristic), it can be deduced that John
Smith and Jane Jones have a more personal relationship than
just a work relationship since the time of the call was after
work hours. As another example, if the time of the call is
greater than a predetermined threshold amount of time, e.g.,
20 minutes, then it may be determined that the relationship
is of a greater level of personal relationship than if the
duration were only 5 minutes. Moreover, if John Smith and
Jane Jones call each other more than a predetermined
number of times within a prescribed time interval and at
times of the day that were after work hours, then it can be
determined that there is closer relationship between the
persons than if the calls were more infrequent and during
working hours. Furthermore, if there is supporting evidence
that John Smith and Jane Jones were both located in the
same location frequently and at times of day that were after
work hours, and for relatively long periods of time, it can be
determined that John Smith and Jane Jones have a personal
relationship with one another. This information may be used
to categorize the type of hypothetical ontological link
between the information concepts, e.g., a link of “knows”
may be associated with two information concepts but may
be further classified into a class of “acquaintance” as a
category of the hypothetical ontological link of “knows.”

As noted above, in some instances a hypothetical onto-
logical link between information concepts in the ontology
460 may comprise a plurality of sub-links of different types,
e.g., person A knows person B may comprise sub-links of
person A calls person B, person A is related to person B,
person A works with person B, etc. For each such sub-link
separate link scores may be generated by the link scoring
and analyzer engine 440 based on scoring logic taking into
account link type, link and evidential characteristics, weight-
ings associated with the various components of the scoring,
i.e. link type, link and evidential characteristics, etc. The link
scoring and analyzer engine 440 may aggregate these scores
for these heterogeneous sub-links to generate a score for the
overall hypothetical ontological link. Thus, a first score for
person A calling person B may be generated, a second score
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for person A being related to person B may be generated, a
third score for person A working with person B may be
generated, and these scores may be combined in accordance
with a determined formula or mathematical algorithm, e.g.,
a decaying sum or the like, to generate an overall score for
the hypothetical ontological link that person A knows person
B

The aggregation of scores from various heterogeneous
sub-links may be weighted according to the particular type
and characteristics of the sub-links. Thus, for example, a
sub-link of the type “calls” may be more heavily weighted
when evaluating a hypothetical ontological link of the type
“knows” than for a hypothetical ontological link of the type
“frequents.” That is, if the hypothetical ontological link were
John “frequents” Al’s Electronics, and there are sub-links
that John calls Mary, that Mary has been located at Al’s
Electronics, that Mary calls Fred, and that John is co-located
with Mary on multiple occasions, the weighting of the
sub-links of John calls Mary and Mary calls John will have
relatively lower weight for this hypothetical ontological link
than one that is evaluating whether John knows Fred since
John calling Mary is less likely to be indicative of John
frequenting Al’s Electronics than it is indicative of John
knowing Fred.

As another example, assume that an original ontology is
generated based on an initial set of information that includes
information concept objects and links between the informa-
tion concept objects. Moreover, further assume that a corpus
of information includes telephone records, position infor-
mation for individuals as may have been obtained from a
positioning system, surveillance information indicating logs
of events observed by surveillance personnel, electronic
communication records from computing systems, e.g., elec-
tronic mail servers, internet service providers, etc. From
automated analysis of an original ontology, through user
input specifying a hypothetical link of interest, or a combi-
nation of these approaches, a hypothetical link of interest of
“Mary” “knowing” “Fred” may be selected for evaluation.
This hypothetical link may be comprised of a plurality of
sub-links including, for example, Mary being “related to”
Fred, Mary “calling” Fred, Mary being “co-located” with
Fred, etc., all of which provide some measure of whether
Mary truly “knows” Fred or not. Thus, the sub-links may be
of a plurality of different types.

In order to evaluate these hypothetical sub-links that make
up the overall hypothetical link that Mary “knows” Fred,
evidence from the corpus may be analyzed to identify actual
evidential links between the information concept objects.
For example, call records may be analyzed to identify calls
between Mary and other information concept objects includ-
ing any calls to Tom, Fred, or other individuals associated
with either Tom or Fred that may be indicative of Mary
knowing someone that is associated with Tom or Fred.
Assume, for example, that in these call logs, a record of a
telephone call is found from Mary to Tom. The call record
will have various characteristics associated with it which
may be evaluated for scoring purposes to thereby score a
sub-link between Mary and Tom that Mary “knows” Tom
and to categorize the sub-link type into a particular category,
e.g., Mary “knows” Tom and this “knows” sub-link is
categorized as an “acquaintance.”

Through analysis of these various types of sub-links
between the information concept objects for Mary, Tom, and
Fred, various scores may be associated with particular types
of sub-links between the individuals indicative of types of
relationships between these individuals, e.g., “calls™, “vis-
its”, “knows”, etc. The sub-links may be heterogeneous in
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type and may have various levels of weighting that are
indicative of their relative importance to inferring the hypo-
thetical ontological link between information concept
objects. That is, for a hypothetical ontological link of the
type “knows,” a sub-link of the type “calls” may be more
indicative of a “knows” relationship than a sub-link of the
type “co-location”. Of course, the characteristics of the
particular sub-links are also more or less inferential of the
hypothetical ontological link as well. Thus, if a “co-loca-
tion” sub-link is present between Mary and Fred, but this
co-location is at a work or business location, and happens
frequently on work days of the week between the hours of
9 am. and 5 p.m., this is less likely to indicate that Mary
knows Fred than if the location were a home location or
residence location, occurs frequently, and tends to be during
evening hours and morning hours and on weekends, i.e. just
because Mary may work in the same location as Fred does
not necessarily mean that Mary knows Fred but if Mary is
often located at a residential location during non-business
hours, then this is more indicative of a “knows” relationship
and in fact is more indicative of Mary being related to Fred
in some way since related individuals tend to often spend
non-business hours together in residential locations.

These actual sub-links may have different scores based on
the evidential support for these sub-links from the corpus in
support of; or refuting, the sub-link as being a valid link. The
scores may then be aggregated to generate an aggregate
score of the evidential support for the various sub-links
which is then attributed to an aggregate hypothetical link
between two information concept objects. The aggregation
of these scores may further be based on a weighting of the
various sub-links based on the sub-link type and pre-deter-
mined weights generated through machine learning or user
specification in configuration parameters for the link scoring
and analyzer engine 440.

For example, if the hypothetical ontological link is that
Mary “knows” Fred, the various sub-links between the
connected information concept objects, e.g., Mary, Tom, and
Fred in this case, may be evaluated with regard to Mary and
Fred to determine what the aggregate score would be for
Mary “knows” Fred. This aggregation of the score may take
different forms dependent upon the particular type of hypo-
thetical link being evaluated. Thus, for example, the hypo-
thetical link “knows” may aggregate sub-links of “calls” and
“visits” differently than a hypothetical link of “is related to”.
In generating the aggregate scores, various weights may be
applied to the scores of the sub-links based on various
pre-defined criteria. For example, a higher weighting may be
associated with sub-links that are directly related to one or
more of the particular information concepts associated with
the hypothetical link, e.g., in the example above, sub-links
of the various types that have one or both of Mary and Fred
will be given a higher weight than sub-links that do not
include Mary or Fred, and in fact sub-links that involve both
Mary and Fred may be given an even greater weighting. In
addition, based on the particular hypothetical link being
evaluated, different types of sub-links may be given greater
weightings according to the predetermined criteria, e.g., for
a hypothetical link between Mary and Fred of a “related to”
type may more heavily weight “calls” sub-links than “co-
location” sub-links.

Moreover, the particular characteristics of the particular
sub-links may be used to adjust these weights. Thus, for
example, while a “co-location” sub-link may in general be
given less weight than a “calls” sub-link, characteristics of
a particular “co-location” sub-link may dynamically modify
this weighting due to the particular type of co-location
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involved. For example, if the co-location is at a personal
residence, and the personal residence is associated with one
of the information concept objects, e.g., Mary, then the
co-location sub-link may be more indicative of the hypo-
thetical ontological link of Mary knows Fred, than if the
co-location sub-link is associated with a business location.
As aresult, for the particular hypothetical ontological link of
Mary knows Fred, the co-location sub-link between Mary
and Fred may have its weighting for the aggregate scoring
of the hypothetical ontological link dynamically increased
due to the characteristics of the co-location sub-link being
more indicative of a personal relationship between Mary and
Fred. In a similar way, the particular characteristics of a
sub-link, e.g., location, time of day, frequency of action,
direction of action, etc., may be less indicative of a hypo-
thetical ontological link being supported by the inferences of
the sub-links in which case the weights of these sub-links
may be dynamically reduced.

The pre-determined criteria may be specified by configu-
ration parameters that are learned using machine learning
techniques or specified by human users and stored in asso-
ciation with particular sub-link and hypothetical ontological
link types in configuration parameters or data structures
associated with the link scoring and analyzer engine 440.
For example, an entry in such configuration parameters or
data structures may include a listing of the sub-link types
and corresponding characteristics that are more or less
indicative of the sub-link and/or hypothetical ontological
link being an actual link of the particular type. Thus, for
example, for an entry corresponding to a hypothetical onto-
logical link of the type “is related to”, sub-link types of
“calls” and “co-location” may be listed with corresponding
base weights associated with these types of sub-links. For
each sub-link, a listing of characteristics of that particular
type of sub-link may be provided with corresponding adjust-
ment factors either increasing or decreasing the base weight
being provided, e.g., for a “calls” sub-link, characteristics of
the type “evening hours” and “long duration” may be
associated with increase weight adjustments for a hypotheti-
cal ontological link of the type “is related to”. Thus, if a
hypothetical ontological link of “is related to” is being
evaluated, and a sub-link of the type “calls” is identified, the
corresponding base weight may be assigned to the calculated
score for that “calls” link. The characteristics of the sub-link
may be further evaluated to determine if the “calls” link is
indicative of calls in evening hours and for long durations.
If so, then the weight associated with the sub-link “calls”
may be increased since calls of long duration and in evening
hours are more indicative of a “is related to” relationship or
link. It should be appreciated that these characteristics of the
sub-links are determined through analysis of the evidential
support in the corpus or corpora that provide the factual
basis for determining the characteristics of these sub-links.

The score for the overall hypothetical ontological link 412
is output to the ontology modification engine 450 which then
determines whether to modify the ontology 460 based on the
score for the hypothetical ontological link 412. In determin-
ing whether to modify the ontology 460, the ontology
modification engine 450 may compare the score of a hypo-
thetical ontological link to a threshold to determine if the
score meets or exceeds the threshold, i.e. if there is sufficient
evidence and confidence in the hypothetical ontological link
as being an actual link between the information concepts to
warrant addition of the hypothetical ontological link as an
actual link in the ontology 460. If the score meets or exceeds
the threshold, then the ontology modification engine 450
may update the ontology 460 to include the hypothetical
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ontological link as an actual link in the ontology 460.
Evidence in support of the addition of this link may be
maintained throughout this process, e.g., evidence obtained
from search and analysis of the information content from the
one or more corpora 470 when answering the questions
associated with the hypothetical ontological link, and may
be associated with the newly added link in the ontology. This
evidence may be used to evaluate the support and reasoning
for the addition of the link to the ontology 460 as well as
provide insight into other links of the ontology 460.

A user may be presented with notifications of the identi-
fication and evaluation of hypothetical ontological links, and
may be presented with a representation 482 of the updated
ontology 460, via a graphical user interface 480. The user
may interact with the ontology 460, such as via graphical
user interface elements or the like, to drill down into the
evidence associated with various links of the ontology 460.
This provides greater insight to the user of the reasoning for
certain links and provides a basis upon which additional
hypothetical links may be evaluated. For example, having
determined that a person, John Smith, knows Carl Carter
through the mechanisms previously described, additional
types of hypothetical ontological links may be evaluated by
the user, e.g., the user may then request that the system of the
illustrative embodiments evaluate hypothetical ontological
links between Carl Carter and a particular event, e.g., a
robbery of Al’s Electronics, since it may be known that John
Smith is a suspect in the event and the link to Carl Carter
indicates a possibility that Carl Carter may have also been
involved in the event. In this way, additional lines of
questioning are identified in an automated manner and may
be presented to a user for determination as to whether to
pursue such questioning and additional hypothetical link
evaluations, as will be described in greater detail hereafter.

For example, having determined that a hypothetical onto-
logical link between two information concept objects has
sufficient evidential support to warrant a modification to the
ontology to include the hypothetical ontological link as an
actual link in the ontology, or that the hypothetical onto-
logical link meets a predetermined threshold of evidential
support to warrant further investigation (even though it may
be not be sufficient to warrant modification of the ontology),
additional hypothetical ontological links may be automati-
cally generated based on an assumption that the initial
hypothetical ontological link is an actual link in the ontol-
ogy. For example, in the scenario above, there may not have
been a previous connection between John Smith and Carl
Carter in the ontology and thus, there was no reason to
question Carl Carter about a robbery at Al’s Electronics.
However, now that a link between Carl Carter and John
Smith has been evaluated and determined to have sufficient
evidence to warrant further investigation, as determined
from a comparison of the score associated with the link
between Carl Carter and John Smith to one or more thresh-
old score criteria for further investigation, then it now
becomes prudent to investigate whether Carl Carter possibly
has a link to the robbery of Al’s Electronics. Such a
follow-up hypothetical ontological link may be automati-
cally identified or manually entered by a user in a similar
manner as previously described above but with the modified
ontology as a basis or a virtually modified ontology in which
the initial hypothetical ontological link between John Smith
and Carl Carter is assumed to be an actual link for purposes
of follow-up hypothetical ontological link investigation but
without formally modifying the ontology. In some illustra-
tive embodiments, follow-up hypothetical ontological links
may be automatically identified and a listing of such hypo-

10

15

20

25

30

35

40

45

50

55

60

65

30

thetical ontological links may be presented to a user for
selection of one or more of these to investigate further. In
response to a user selection of such a hypothetical ontologi-
cal link from the listing, the above processes may be
repeated with this new hypothetical ontological link being
the basis for the operation and the previously evaluated
hypothetical ontological link being utilized to provide sup-
porting evidence as if the previously evaluated hypothetical
ontological link were an actual link in the ontology.

Thus, in some illustrative embodiments, the evaluation of
the hypothetical ontological link in the ontology comprises
the operations of: performing, by a Question and Answer
(QA) system, an initial analysis of the ontology to identify
a set of information concept entities and links between
information concept entities in the ontology; generating, by
the QA system, the hypothetical link between a first infor-
mation concept entity and a second information concept
entity in the ontology based on the initial analysis of the
ontology; and processing, by the QA system, one or more
natural language questions corresponding to the hypotheti-
cal link. The processing of the one or more natural language
questions by the QA system may comprise generating
answer results directed to a plurality of links between a
plurality of information concept entities. Moreover, the
evaluation of the hypothetical ontological link may further
comprise aggregating, by the QA system, the answer results
across the plurality of links between the plurality of infor-
mation concept entities to determine an aggregate answer
result for the hypothetical link and generating, by the QA
system, an indication of whether or not the hypothetical link
is a valid link between the first information concept entity
and the second information concept entity based on the
aggregate answer result for the hypothetical link.

In these illustrative embodiments, the answer results
directed to the plurality of links may comprise a plurality of
numerical scores where each score is indicative of evidential
support for a corresponding link in the plurality of links. The
plurality of links may comprise a plurality of links having
heterogeneous link types between a plurality of different
information concept entities. The answer results directed to
the plurality of links may comprise a plurality of numerical
scores, where each score is indicative of evidential support
for a corresponding link in the plurality of links, and where
each score is calculated based on a weight value associated
with a link type of the corresponding link.

The answer results may be determined, for each link in the
plurality of links at least by, for example, determining a
weight value based on the link type and one or more
characteristics of at least one of the link or information
concept entities associated with the link and applying the
weight value to an evidence score associated with the link to
generate a score for the link. The one or more characteristics
may comprise characteristics of the link, where the charac-
teristics of the link comprise at least one of a location
associated with the link, a time of day associated with the
link, a frequency of action associated with the link, or a
direction of action associated with the link. Determining the
weight value based on the link type and one or more
characteristics of at least one of the link or information
concept entities associated with the link may comprise
correlating a characteristic of the link with a link type
characteristic associated with a link type of the link based on
a data structure correlating characteristics with types of
links, retrieving an adjustment value associated with the link
type characteristic, and adjusting the weight value based on
the retrieved adjustment value.
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In some illustrative embodiments, evaluating the hypo-
thetical ontological link may further comprise determining,
by the QA system, whether or not to modify the ontology
based on the aggregate answer result, and, in response to
determining to modify the ontology, modifying the ontology
to include the hypothetical link as an actual link in the
ontology to generate an updated ontology. Generating, by
the QA system, an indication of whether or not the hypo-
thetical link is a valid link between the first information
concept entity and the second information concept entity
based on the aggregate answer result for the hypothetical
link may further comprise outputting a graphical user inter-
face representation of the updated ontology. The graphical
user interface representation may comprise graphical user
interface elements for drilling down into information about
supporting evidence for the hypothetical link in the updated
ontology.

It should be noted that, just as hypothetical links between
information concepts may be identified by identifying sub-
links, scoring them, and then aggregating the scores to
identify a score for the link as a whole, a reverse approach
may also be utilized to classify or categorize a hypothetical
ontological link into a category of the particular type of
hypothetical ontological link. For example, a hypothetical
ontological link may have a general type of “knows”
between two person information concepts. However, as
noted above, there may be many different ways that person
A “knows” person B such that the particular “knows”
relationship may be categorized. For example, person A may
have a personal relationship with person B, an acquaintance
relationship, a professional relationship, etc. Scoring of the
hypothetical ontological link may take into consideration
various characteristics of the evidence used to generate the
score for the hypothetical ontological link, and/or the sub-
links that aggregate to form the hypothetical ontological
link, including, for example, time of day of communications,
location, type of location (e.g., personal residence, business
location, etc.), duration of engagements (e.g., lives, works,
plays, patronizes), types of activity at the location, e.g.,
credit card charges, work activities, etc. All of this informa-
tion may be analyzed and scored to generate a score for
various classifications of the hypothetical ontological link to
thereby determine that, while the hypothetical ontological
link may be generally that person A “knows” person B, the
category of this “knows” relationship is either “personal,”
“acquaintance,” “professional”, or the like. Similar types of
categorizations of various other types of hypothetical onto-
logical links may likewise be made based on other types of
characteristics of the hypothetical ontological links.

A user may be presented with notifications of the identi-
fication and evaluation of hypothetical ontological links, and
may be presented with a representation 482 of the updated
ontology 460, via a graphical user interface 480. The user
may interact with the ontology 460, such as via graphical
user interface elements or the like, to drill down into the
evidence associated with various links of the ontology 460.
This provides greater insight to the user of the reasoning for
certain links and provides a basis upon which additional
hypothetical links may be evaluated. For example, having
determined that a person John Smith knows Carl Carter
through the mechanisms previously described, additional
types of hypothetical ontological links may be evaluated by
the user, e.g., the user may then request that the system of the
illustrative embodiments evaluate hypothetical ontological
links between Carl Carter and a particular event, e.g., a
robbery of Al’s Electronics, since it may be known that John
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Smith is a suspect in the event and the link to Carl Carter
indicates a possibility that Carl Carter may have also been
involved in the event.

Thus, the mechanisms of the illustrative embodiments
provide the ability to automatically identify and evaluate
hypothetical ontological links between information con-
cepts. This provides a tool for analysts to explore possible
links between information concepts as well as allows the
system to automatically inform analysts of possible links
between information concepts that the analysts may not have
previously contemplated. In addition, the mechanisms of the
illustrative embodiments provide identification and evalua-
tion of hypothetical ontological links so as to give insight to
analysts as to additional types of hypothetical ontological
links to investigate, i.e. additional lines of questioning to
investigate.

As touched upon above, the mechanisms of the illustra-
tive embodiments utilize various question generation tech-
niques and link scoring techniques to evaluate hypothetical
ontological links. With regard to question generation, as
noted above, based on the characteristics of the hypothetical
ontological link and information concept objects in question,
a particular set of question templates corresponding to these
characteristics may be selected. Moreover, as noted above,
one technique that may be utilized to customize the set of
question templates actually used to evaluate the hypothetical
ontological link includes question set pruning With regard to
scoring, various techniques for generating a score for a
hypothetical ontological link may be utilized individually or
in combination including aggregation of sub-link scores,
link scoring based on corroboration of evidence, link scoring
based on certainty of statements within the evidence, and the
like. Furthermore, as noted above, the mechanisms of the
illustrative embodiments facilitate modifying the corpora
based on an evaluation of the veracity of the sources and the
generation of different lines of questioning based on the
evaluation of a previous line of questioning, e.g., a previ-
ously evaluated hypothetical ontological link. Each of these
will be described in greater detail hereafter.

Question Set Pruning

As mentioned above, question sets may be established in
the question templates database 422 for particular combi-
nations of types of hypothetical ontological links and infor-
mation concepts. For example, assuming that a hypothetical
ontological link involves two information concepts A and B,
and a relationship between these two information concepts
C, a triplet of (A, B, C) may be correlated to a particular set
of question templates T. Hence the question templates
database 422 may comprise entries specifying (A, B, C, T)
where T may comprise a plurality of question templates.
Thus, for example, an entry in the question templates
database 422 may be of the type (person 1, person 2, knows,
question set 1) indicating a hypothetical ontological link of
person 1 knows person 2 and the corresponding question set
1 being the set of question templates to use to evaluate this
hypothetical ontological link. It should be appreciated that
such entries may be used for sub-links of a hypothetical
ontological link as well to evaluate the sub-links which are
then aggregated to generate a score for the hypothetical
ontological link as a whole.

The set of question templates may be generic in nature for
general types of information concepts and hypothetical
ontological links. Thus, the set of question templates may
cover a wide variety of hypothetical ontological links and
information concepts of particular types. These sets of
question templates may be further filtered and pruned so as
to generate a sub-set of question templates that is further



US 9,472,115 B2

33

customized to the particular information concepts and hypo-
thetical ontological links being evaluated. To do so, question
set pruning logic 425 of the question generator 420 may
further evaluate characteristics 411 and 415 of the specific
information concept objects 414 and hypothetical ontologi-
cal link 412 and compare these characteristics to character-
istics 421 associated with question templates in an initially
selected set of question templates 422 to thereby select
question templates within the initially selected set of ques-
tion templates to be included in a sub-set of question
templates that is customized to the particular information
concept objects 414 and hypothetical ontological link 412.
This subset of question templates may then be populated
with specific information about the specifically selected
information concept objects 414 and hypothetical ontologi-
cal link 412 to generate question set 424 for evaluation.

For example, these characteristics 415 of information
concepts 414 may include the occupation of the persons
involved, a classification of the person involved as being a
victim, witness, bystander, suspect, or the like, a classifica-
tion of a location as being a retail establishment, financial
institution, business location, residential location, or the like,
or any other characteristic that may be used to differentiate
one question template from another as to its applicability to
a particular type of information concept object (instance of
an information concept). The same is true for the hypotheti-
cal ontological link characteristics 411. For example, a
hypothetical ontological link may have a characteristic 411
of a type of relationship between the information concepts,
e.g. a general hypothetical ontological link of “located at”
between a person and a location may have characteristics of
“lives at”, “works at”, “frequents”, “shops at”, and the like.

These characteristics 411 and 415 may be used by the
question set pruning logic 425 of the question generator 420
to select question templates, from an initial set of question
templates 422, that correspond to a general classification of
the information concept objects 414 and hypothetical onto-
logical link 412, that are specific to the particular charac-
teristics 411 and 415 of the information concepts and
hypothetical ontological link. The characteristics 411 and
415 are compared against the characteristics 421 of the
question templates 422 to identify matches between the
characteristics 411 and 415, and the characteristics 421. For
those question templates in the initial set of question tem-
plates 422 that have a matching characteristic, the question
template is selected for inclusion in a sub-set of question
templates that is used to generate question set 424. Thus, for
example, an initial set of question templates specific to a
person 1 knowing person 2 may be sclected from the
question templates 422 and may then be pruned or filtered by
the question set pruning logic 425 of the question generator
420 to a sub-set of question templates corresponding spe-
cifically to a suspect being related to a witness, e.g., a
question template included in the sub-set may be of the type
“person 1 was incarcerated with person 2” in this situation
whereas this question template may not be included in a
sub-set for a hypothetical link of information concepts of a
witness and a bystander.

In some illustrative embodiments, the specification of a
hypothetical ontological link between information concepts
is characterized as a scenario that is selected by a user or
automated mechanism. For example, the scenario may be
that John Smith robbed Al’s Electronics which is then
represented as a hypothetical ontological link between the
information concept object “John Smith” and the informa-
tion concept object “Al’s Electronics™ with a hypothetical
ontological link type of “robbed”. From this scenario and the
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designation of a person information concept and a location
information concept, a set of corresponding question tem-
plates may comprise question templates for questioning
about a variety of different types of robberies of different
types of locations by different types of persons. The pruning
of' the initial set of questions 422 by the question set pruning
logic 425 of the question generator 420 may compare
characteristics 411 and 415 to characteristics 421 of the
question templates. For example, the initial set of questions
422 may comprise questions regarding the robbery of a
financial institution which may have very different set of
facts and characteristics from a robbery of a retail establish-
ment, e.g., electronic funds or physical money is generally
the target of a robbery of a financial institution while a
robbery of a retail establishment often involves stealing of
physical items or physical money.

Thus, in the above scenario of John Smith robbing Al’s
Electronics, since Al’s Electronics is a retail electronics
store, an investigator would not be interested in whether or
not John Smith accessed a computer network of Al’s Elec-
tronic store because that is less likely to provide any
information about whether John actually robbed Al’s Elec-
tronics or not (although in some cases this may be of interest
if there is evidence that a security system were overrided or
the like). However, a question about whether John was
present in Al’s Electronics on or about the time of the
robbery would be much more pertinent since the robbery of
Al’s Electronics is most likely directed to the physical
removal of property from the premises of Al’s Electronics.
Thus, question templates 422 directed to questioning about
the physical presence of John Smith at Al’s Electronics will
have characteristics 421 that match characteristics of Al’s
Electronics and John Smith whereas question templates
directed to accessing computer networks remotely will not
have characteristics that match Al’s Electronics and/or John
Smith.

It should be appreciated that multiple characteristics may
be evaluated and a degree of matching may be evaluated to
determine whether to include a question template in the
sub-set of question templates. Thresholds for matching may
be established to provide criteria by which to determine
whether to include the question template in a sub-set of
question templates. Thus, for example, a degree of matching
threshold may require a plurality of characteristics to be
matched for the question template to be included in the
sub-set of question templates, or certain more important
characteristics. Weights may be associated with different
characteristics to specify a relative importance of one char-
acteristic to another when performing such matching for
question set pruning Hence, sub-sets of question may be
generated that are more specific and pertinent to the par-
ticular hypothetical ontological link and information con-
cept objects being evaluated.

Thus, in addition to the other mechanisms of the illustra-
tive embodiments for evaluating hypothetical ontological
links in an ontology, the mechanisms of the illustrative
embodiments may further provide for the customization of
sets of questions for evaluating a particular hypothetical
ontological link, or sub-link, through a pruning of filtering
process to identify question templates that are specific to the
particular link and information concept entities being evalu-
ated. Hence, in some illustrative embodiments, a process for
generating a set of questions to evaluate a link between
concept entities comprises receiving a set of evidential data
specifying a plurality of information concept entities, gen-
erating a hypothetical link between at least two information
concept entities in the plurality of information concept
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entities (where the hypothetical link represents a scenario
involving the at least two information concept entities),
retrieving a set of questions corresponding to the hypotheti-
cal link between the at least two information concept enti-
ties, and pruning or filtering the set of questions into a subset
of questions based on the at least one of characteristics of the
hypothetical link or characteristics of the at least two infor-
mation concept entities. The operations further comprise
processing the pruned or filtered set of questions based on a
corpus of evidence to thereby generate a measure of support
for or against the hypothetical link being an actual link
between the at least two information concept entities and
outputting a validity indication for the hypothetical link
indicating whether or not the hypothetical link is an actual
link between the at least two information concept entities.

The set of questions may be associated with a general
scenario type associated with the hypothetical link and the
pruned set of questions may be specific to the particular
scenario of the hypothetical link. The set of questions may
be generated by performing a lookup in a question template
database of types of the information concept entities and a
type of a relationship specified by the hypothetical link to
identify a set of question templates corresponding to the
types of information concept entities and type of relation-
ship. Pruning the set of questions into a subset of questions
based on the at least one of characteristics of the hypotheti-
cal link or characteristics of the at least two information
concept entities may further comprise comparing character-
istics of the hypothetical link or characteristics of the at least
two information concept entities to characteristics associ-
ated with question templates in the set of question templates
and selecting question templates, from the set of question
templates, that have at least one characteristic that matches
at least one characteristic of the hypothetical link or at least
one characteristic of the at least two information concept
entities.

The operations may further comprise populating fields of
the selected question templates with information from at
least one of the information concept entities or the hypo-
thetical link to generate the pruned set of questions. The
characteristics of the at least two information concept enti-
ties may comprise an occupation associated with each of the
information concept entities, a classification of the informa-
tion concept entity as being a victim, witness, bystander, or
suspect, or a classification of a location represented by an
information concept entity. The characteristics of the hypo-
thetical link may comprise a type of relationship between the
information concept entities represented by the hypothetical
link.

Corpora Management Based on Grading of Sources

As mentioned above, another aspect of the mechanisms of
the illustrative embodiments is the ability to manage the
corpora used to evaluate hypothetical ontological links, and
question sets associated with the evaluation of hypothetical
ontological links, based on a grading of the sources of the
content (evidence) present in the corpora 470. A corpora
management engine 490 may be provided for this purpose.
The corpora management engine 490 comprises logic for
evaluating characteristics of sources of content in the cor-
pora 470 and determining whether or not to modify weights
associated with these sources, request and ingest additional
content from these sources, and/or remove content from
these sources, based on a grading of the sources. This
corpora management engine 490 may then provide this
weighting or results of source grading evaluation to the link
scoring and analyzer engine 440 for use in scoring sub-links
and/or the hypothetical ontological link as a whole, for
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example. The weightings based on the source grading may
be combined with other scoring criteria to generate scores
for links, such as corroboration scoring criteria, certainty of
statements scoring criteria, and the like. The corpus man-
agement engine 490, depending on the grading of the
sources may then either temporarily or permanently modity
the corpora 470 being used to evaluate candidate answers to
the question set 424 and/or the sub-links and hypothetical
ontological link as a whole.

In grading the sources of content in the corpora 470, the
corpora management engine 490 maintains various charac-
teristics about various sources of content within the corpora
and evaluates these characteristics. For example, current
characteristics of the sources as well as results from previous
utilizations of content from those sources may be evaluated
to determine the veracity of the source and the likelihood
that continued reliance on content from that source will give
good results during question set 424 evaluation and scoring.
As one example, if the source is a witness to a particular
event, an evaluation of the person’s occupation, previous
content provided by the person (e.g., statements made
regarding other events or the same event), the contribution
of the previous content to a good result being generated by
the mechanisms of the illustrative embodiments, and the
like, may be evaluated to determine whether to give a
current statement (piece of content or evidence in the
corpora 470) by the witness a high or low weighting with
regard to the grading of the reliability of the content and the
credibility of the source. If the person were a police officer,
then the credibility of the person’s statements (content or
evidence) would be more highly graded as reliable and
credible. If the person previously provided good content/
evidence for previous evaluations, then the grading of the
person as a source would be increased and, as a result, the
content provided by that person would be more highly
weighted as reliable and credible.

In one illustrative embodiment, the grading of sources
performed by the corpora management engine 490 may
make use of a source profile directory that maintains the
various characteristics of the various sources. The source
itself may be a human source, an electronic source, e.g., a
database, web page, blog, or the like. Each source has a
corresponding configurable source profile in the profile
directory which details the attributes that are used to deter-
mine the grade of the source using one or more grading
formula or equations. An example of a profile for a human
being source may be of a type such as:

Name: John Doe

Role: Informant

Number of Engagements: 3

Truthful Information Count: 8

Occupation: Salesman

Age: 35

Address: 4 Acacia Avenue, London, UK

Previous Convictions: 1

Payout Count: $1000
Such a source profile can be generated, at least in part,
manually by an investigator or other authorized user that is
working with the informant. Moreover, this source profile
may also be, at least partially, populated with information
gathered automatically from other systems via network
connections, such as a law enforcement database or other
private or governmental computing system. For example, a
user may manually enter part of the information of the
source profile, e.g., a name, social security number, Media
Access Control (MAC) address, Internet Protocol (IP)
address, or other uniquely identifying attribute of the source,
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and this information may be used to perform a lookup
operation automatically in network attached information
systems to obtain additional information to populate the
source profile.

It should be appreciated that the above example source
profile is only an example and many modifications to the
above example profile may be made without departing from
the spirit and scope of the present invention. In fact, in actual
operation, source profiles may contain many more fields for
specifying many more attributes than that shown such that a
more detailed profile may be established. Moreover, differ-
ent source profile templates may be created for different
types of sources, e.g., different templates for different human
sources, e.g., witnesses, investigators, informants, etc. and
different templates for different electronic sources of infor-
mation, e.g., news websites, social media websites, and the
like.

Each characteristic of the source may be evaluated in
accordance with established logic in the corpora manage-
ment engine 490 to ultimately generate a grading for the
source and a weight to be applied to content/evidence
provided by that source. The resulting grading/weight may
be provided to the link scoring and analyzer engine 440
which may then utilize this grading/weight to further evalu-
ate the evidence 438 when determining a final scoring for the
hypothetical ontological link. That is, as one component of
the scoring performed by the link scoring and analyzer
engine 440, the grading of the source and its associated
weight value for weighting supporting evidence 438 evalu-
ations, may be included when generating a score for sub-
links and the hypothetical ontological link. Other factors
including corroboration, certainty of statements, and the
like, may also be utilized as components of this scoring, as
discussed hereafter.

In addition to providing the grading/weight of sources to
the link scoring and analyzer engine 440, the corpora
management engine 490 may further compare the grading of
the source to one or more threshold criteria to determine if
the grading of the source equals or falls below a first
threshold indicative of a need to remove the source from the
corpora 470, or if the grading of the source equals or exceeds
a second threshold indicative of a desire to add additional
content to the corpora 470 from this source. For example, if
it is determined that the source’s grading is so bad, i.e. has
been determined to be not reliable or credible and actually
detracts from the proper operation of the mechanisms of the
illustrative embodiments, as to warrant removal of the
source, then all content in the corpora 470 that is attributable
to that source may be removed from the corpora 470. In one
embodiment, this may involve the actual overwriting of the
source’s content in the corpora 470, marking the source’s
content as invalid, setting a weight associated with the
source and the source’s content to zero, or otherwise effec-
tively removing the source’s content from further consider-
ation and evaluation by the mechanisms of the illustrative
embodiments.

If, on the other hand, the source is determined to be highly
reliable and credible through the grading mechanisms of the
illustrative embodiments, then the corpora management
engine 490 may output a request to obtain more content from
that source. This request may be in the form of a notification
to a user specifying the source and the grading of the source
with information indicating a desire to obtain additional
content from that source. This may serve as a notification to
the user or investigator as to which sources provide reliable
and credible information and may be the source of additional
reliable and credible information. Alternatively, the request
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may be an automated request that is transmitted to the actual
source so that the source may then provide additional
content for ingestion into the corpora 470. For example, if
the source is a particular location determination service, e.g.,
a particular global positioning system service, then addi-
tional location content may be ingested into the corpora 470
from that source for use in evaluating the current and future
hypothetical ontological links. In this way, not only is the
scoring of the sub-links and hypothetical ontological link
influenced by the reliability and credibility of the sources of
information in the corpora 470, but the corpora 470 itself
may be managed to improve the operation of mechanisms of
the illustrative embodiments using an improved corpora
470.

Thus, in addition to the other mechanisms of the illustra-
tive embodiments, in some illustrative embodiments mecha-
nisms are provided for evaluating the sources of evidence in
the corpus to adjust weights associated with the evidence
provided by those sources as well as manage and curate the
corpus by adding additional evidence data from the source,
eliminating evidence from the source, or maintaining the
amount of evidence obtained from that source based on the
determined grading of the source. Hence, in some illustra-
tive embodiments, mechanisms are provided for evaluating
an evidential statement in a corpus of evidence by receiving
an evidential statement for determining a level of confidence
in a hypothetical ontological link of an ontology, identifying
a source of the evidential statement, determining a grading
of a source of the evidential statement based on a source
grading measurement value indicative of a degree of reli-
ability and credibility of the source, generating an indication
of trustworthiness of the evidential statement based on the
source grading measurement value, and outputting a repre-
sentation of the indication of trustworthiness of the eviden-
tial statement in association with the evidential statement.
Grading the source of the evidential statement may comprise
generating a weight value to be applied to confidence scores
calculated for answers to questions generated based on
evidential statements in the corpus associated with the
source.

As noted above, these mechanisms may further manage a
corpus of evidence data based on the grading of the source
of the evidential statement. Managing the corpus may com-
prise one of maintaining an amount of evidence data from
the source in the corpus, increasing the amount of evidence
data from the source that is in the corpus, or decreasing the
amount of evidence data from the source in the corpus.
Managing the corpus of evidence data may comprise com-
paring the source grading measurement value to one or more
predetermined threshold values and performing a corpus
management operation based on results of the comparison.
In response to the comparison indicating that the source
grading measurement value is above a first threshold, the
mechanisms of the illustrative embodiments may ingest
addition evidence data from the source into the corpus. In
response to the comparison indicating that the source grad-
ing measurement value is above a first threshold, the mecha-
nisms of the illustrative embodiments may send a request to
a user specifying the source and the source grading mea-
surement value and a recommendation to obtain additional
evidence data from the source. In response to the compari-
son indicating that the source grading measurement is below
a second threshold, the mechanisms may remove evidence
data associated with the source from the corpus. The corpus
may be managed to temporarily modify the corpus being
used to evaluate candidate answers to a question set used to
evaluate a hypothetical ontological link of an ontology.
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Determining the grading of the source may comprise
evaluating current and historical characteristics of the
source. The historical characteristics of the source may
comprise information indicative of results from previous
utilizations of evidence data from the source when evaluat-
ing answers to previously processed questions. The current
and historical characteristics may be maintained in a source
profile data structure of a source directory associated with
the data processing system. The source profile data structure
may store data indicating a number of previous uses of
evidence data from the source and a number of previous
positive uses of the evidence data from the source, for
example.

Link Scoring Based on Corroboration

As mentioned above, the link scoring and analyzer engine
440 operates on the answers 434, their confidence scores
436, and the supporting evidence 438 to evaluate the sub-
links, aggregate the scores of the sub-links, and generate a
score for the hypothetical ontological link which may then
be used by the ontology modification engine 450 to deter-
mine whether to promote the hypothetical ontological link
412 to an actual link 464 in the ontology data structure 460
or to eliminate the hypothetical ontological link 412 as a
possible link in the ontology. As discussed above, one factor
that may be utilized by the link scoring and analyzer engine
440 to generate the score for the hypothetical ontological
link with regard to evaluating the supporting evidence 438
is the grading of the source of the evidence 438. The source
grading component of the scoring may be performed by
source scoring logic 442 of the link scoring and analyzer
engine 440.

In addition, the sub-links and hypothetical ontological
link 412 may further be scored in accordance with an
evaluation of corroborating evidence and certainty of state-
ments within the supporting evidence 438. These compo-
nents may be evaluated by the corroboration scoring logic
444 and certainty scoring logic 446 of the link scoring and
analyzer engine 440. It should be appreciated that while this
logic 442-446 is shown as separate elements within link
scoring and analyzer engine 440, this logic may be inte-
grated with one another. Thus, in some embodiments, all of
these factors may be evaluated for scoring while in others,
subsets of these factors may be utilized when scoring
sub-links and the hypothetical ontological link 412.

With regard to the scoring links based on the corrobora-
tion of evidence, the logic 444 evaluates statements in
evidence 438 from the same and different sources to deter-
mine statement equivalence, i.e. similar facts/conclusions
being specified in different statements. That is, an evidential
statement for which corroboration is sought is received and
the corpus of evidence data is processed to determine a
measure of corroboration of the evidential statement by
other evidence data in the corpus of evidence data. The
measure of corroboration quantifies an evaluation of an
amount of evidence, by one or more sources, preferably
sources other than the source of the evidential statement
being evaluated, in the other evidence data, that describes a
same fact or conclusion as presented in the evidential
statement. An indication of trustworthiness of the evidential
statement is then generated based on the measure of cor-
roboration of the evidential statement by the other evidence
data in the corpus of evidence data. This indication of
trustworthiness may be output in association with the evi-
dential statement so as to indicate whether the evidential
statement is able to be trusted. The indication of trustwor-
thiness may further be used to modify scoring associated
with the evidential statement.

10

15

20

25

30

35

40

45

50

55

60

65

40

In determining whether two or more statements are
equivalent, and thus corroborate one another, the logic 444
analyzes various characteristics of the statements to deter-
mine if they ultimately are specifying the same or similar
facts and/or conclusions. In so doing, for example, the logic
444 looks for sentence structure equality, lexical answer type
(LAT) equality, focus equality, conclusion equality, time
proximity of the statements, and the like. The sentence
structure of one statement may be evaluated to determine the
format of the statement and this format may be compared to
a format of another statement to determine if the formats
match significantly. Similar comparisons may be made with
regard to LAT, focus, and conclusion. Various resources may
be utilized when evaluating equality including synonym
databases, antonym databases, dictionary data structures,
and the like. Thus, a direct word-for-word equality is not
necessary for two statements to be considered equivalent,
but rather an equivalence of the resulting facts and conclu-
sions is what is necessary.

If two statements in the evidence 438 are determined to be
sufficiently equivalent, i.e. an equivalency score generated
by comparing the various characteristics of the statements to
one another to determine the degree of matching which
higher matching statements having higher equivalency
scores, then further evaluation of the statements with regard
to the grading of the sources of the statements (as described
above), determination of relevance to the sub-link or hypo-
thetical ontological link being evaluated, the source type,
and time proximity may be performed. For example, if the
statements are sufficiently equivalent, the corroboration
scoring of the statements may be further modified based on
the grading of the sources of the statements according to the
reliability and credibility of these sources in the manner
previously described above. For example, if one of the
statements is made by a police officer, that police officer’s
statement may be given a greater corroboration score than it
otherwise would have due to the source being a police officer
who is assumed to be reliable and credible. Similarly, since
the other statement, which may be made by another witness
to the event, is corroborated by a statement from a police
officer, the other statement from the witness may have its
corroboration score increased as well. That is, the charac-
teristics of one source of an equivalent statement may be
used to affect the scoring of the other equivalent statement.

With regard to relevance, the statements may be evaluated
for relevance to the particular sub-link or hypothetical
ontological link for which they are being used as supporting
evidence. Even though a statement may be corroborated by
other statements by other sources, and may be supporting
evidence for a particular sub-link, the statement may not in
fact be relevant to the sub-link or hypothetical ontological
link being evaluated. For example, a specific link type of
“knows” between concept A (John) and concept B (Mary)
can be evaluated by corroborated statements that concept A
(John) visits concept B’s (Mary’s) place of worship, which
is referred to as concept “X” (e.g., First Bible Church). This
can be corroborated by statements from concept C (Texas
Internal Revenue Service Office #435), e.g., a governmental
tax collection agency computing system, or the like, that
concept A (John) pays tithes at the same place of worship
according to tax returns filed by concept A (John). A further
corroborated evidence that may be obtained is that concept
D (First Bank of Texas), e.g., a banking organization’s
computing system, corroborates that concept A (John) con-
tributes to concept X (First Bible Church), e.g., as may be
determined from bank statement information associated
with concept A’s (John’s) banking accounts.
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Although the link types corroborate payments which
would give a confirmation for associated with concept X
(First Bible Church), the corroboration from these link types
have a smaller relevance to the “knows” link between John
and Mary due to the nature of the link and the characteristics
of concept X (First Bible Church). That is, just because John
goes to the same church as Mary does not mean that John
necessarily “knows” Mary. The relevance for a concept is
higher if the concept has direct ownership or relation to the
entity. For example, concept B (Mary) visits concept Z
(John’s Home), e.g., a residence of concept A (John), and
concept Z (John’s Home) is owned by concept A (John)
would have a higher relevance score. Thus, the criteria for
evaluating the relevance of a corroborating statement will
include direct relationships, ownership characteristics, and
containment characteristics, and the like, depending on the
entity type. If a corroborated statement has a link type
between two concepts, an evaluation of a second link type
which uses the corroborated statements from the first link
type will be reduced if there are no direct relationships,
ownership characteristics, or containment characteristics
from the interested concept to one of the concepts in the first
link. Some illustrative embodiments can reduce the impact
of corroborating evidence due to relevance evaluations by
using a ratio to reduce the corroboration score value depend-
ing on a lack of a relevance criteria.

Another modifier that can be used is the characteristics of
the entity and the probability of the link type occurring. For
example a building size, population within the building, and
the like of the building can be used to determine probability
scores for locations. Regarding the evaluation of the time
proximity of equivalent statements, the timing of the state-
ments, e.g., author date or other date/time associated with
the providing of the statements in the evidence, may be
evaluated with regard to each other, the facts/conclusions
that they are referencing, and with regard to the sub-links or
hypothetical ontological link being evaluated. That is, if two
statements are given at close to the same time and regarding
a same event happening at a same time, then the statements
are more corroborating than if the statements are given at
different times and regarding different events happening at
different times. For example, if one witness is interviewed
on February 9% and states “I saw John Smith driving the car
on February 7 and another witness is interview on March
5% and states “I saw John Smith driving a truck on February
14™ these statements are less corroborating of one another
than if the statements were made at closer times to one
another regarding events that happened on the same day.
Thus, timing characteristics of the statements may be evalu-
ated to determine whether the time characteristics are more
or less indicative of corroboration of the statements.

It should be noted that while closely matching statements
tend to be more indicative of corroboration of the facts/
conclusions identified in these statements, too high a simi-
larity of statements may in fact be indicative of less cor-
roboration and more collusion or copying of statements from
one source to another. That is, if two witness are colluding
with one another to compose a set of facts that are in fact not
true, then they may agree upon a statement that each would
make to support that false set of facts. As a result, highly
similar statements would be provided by two separate
sources. The mechanisms of the illustrative embodiments
may identify such high levels of similarity in statements and
in fact set thresholds indicating that if the corroboration
score meets or exceeds this threshold, a warning notification
may be output or associated with the sub-link or hypotheti-
cal ontological link being evaluated to thereby warn the user
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that potential collusion may be present. In addition, or
alternatively, a reduction in score of the corresponding
evidence may be made to thereby illustrate a lack of con-
fidence in the statements even though they are highly
corroborative of one another.

Thus, with the mechanisms of the illustrative embodi-
ments, corroboration of statements in supporting evidence is
evaluated to generate a corroboration score for the evidence
which is then used to further score the sub-links and hypo-
thetical ontological link to determine if the evidence is
supporting of the hypothetical ontological link being an
actual link in the ontology or not. The corroboration is one
factor in determining the trustworthiness of the evidence
along with credibility of the source of the evidence and
certainty of the statements themselves.

For example, assume that there are three witnesses to an
event. Witness A provides the statement “the driver of the
car looked like John Smith”. Witness B provides the state-
ment “I saw John drive the truck”. Witness C provides the
statement “the car was driven by a young African American
man.” These statements may not, on their face be corrobo-
rating since they are not the exact same statement. However,
through analysis of these statements the mechanisms of the
illustrative embodiments may determine that truck and car
are synonymous in most instances for the term “vehicle,”
both statements reference the name “John” and that “John”
was the driver of the vehicle. Thus, the statements of
Witnesses A and B are determined to in fact be referring to
the same set of facts and are corroborating of one another.
From analysis of the third statement, the mechanisms of the
illustrative embodiments may determine that the statement
refers to a “man” and that the name “John” in the first two
statements is a male name indicating additional corrobora-
tion by the third statement. Moreover, the third statement is
also referring to the “man” as being a driver of a vehicle.
Through further analysis of John Smith’s characteristics as
may be present in association with the information concept
object for John Smith, it may be determined that John Smith
is in fact an African American and has a current age of 24.
As a result, the third statement may be determined to be
corroborating of the other two statements.

In looking at the sources of these statements, it may be
determined that the first statement was made by a person that
has no ascertainable relationship with John Smith and has
previously given false statements, the second statement was
made by a friend of John Smith who was present at the
event, and the third statement was made by a police officer
that witnessed the event. From this information, the score
associated with the first statement may be reduced due to the
lack of credibility and reliability of the source of the first
statement while the scores of the second and third statements
may be increased due to the credibility and reliability of
these sources and the corroboration of each of these state-
ments with the other.

As noted above, the corroboration scores generated by the
mechanisms of the illustrative embodiments may be used to
influence the scores of the sub-links and hypothetical onto-
logical link. In addition, or alternatively, the corroboration
scores may be provided separately to the ontology modifi-
cation engine 450 for inclusion in the GUI 480 that is output.
In this way, not only is the user of the GUI 480 given
information about the modifications to the ontology 482 but
also may be given corroboration scores to indicate the level
of trustworthiness in the hypothetical ontological link and its
scoring.

Thus, when evaluating a hypothetical ontological link in
accordance with illustrative embodiments set forth herein, in
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addition to the mechanisms described above, additional
mechanisms are provided for evaluating the evidential state-
ments, in the corpus of evidence used to evaluate the
hypothetical ontological link, for corroboration by other
evidential statements within the corpus. In some illustrative
embodiments, this involves receiving a first evidential state-
ment for which corroboration is sought, processing a corpus
of evidence data to determine a measure of corroboration of
the first evidential statement by other evidence data in the
corpus of evidence data, generating an indication of trust-
worthiness of the first evidential statement based on the
measure of corroboration of the first evidential statement by
the other evidence data in the corpus of evidence data, and
outputting a representation of the indication of the trustwor-
thiness of the first evidential statement in association with
the first evidential statement. The measure of corroboration
quantifies an evaluation of an amount of evidence, by one or
more sources other than a source of the first evidential
statement, in the other evidence data, that describes a same
or similar fact or conclusion as presented in the first evi-
dential statement.

Processing the corpus of evidence data may further com-
prise analyzing the first evidential statement to identify one
or more first characteristics of the first evidential statement,
selecting a second evidential statement from the corpus of
evidence data, analyzing the second evidential statement to
identify one or more second characteristics of the second
evidential statement, comparing the one or more first char-
acteristics with the one or more second characteristics to
determine a degree of matching of the one or more first
characteristics with the one or more second characteristics,
and generating a corroboration value based on the degree of
matching. The one or more first characteristics comprise at
least one of a sentence structure of the first evidential
statement, a lexical answer type of the first evidential
statement, a focus of the first evidential statement, a con-
clusion of the first evidential statement, or a time proximity
of the first evidential statement.

Generating the corroboration value may further comprise
determining if the corroboration value associated with the
comparison of the first evidential statement and the second
evidential statement is equal to or exceeds a predetermined
threshold corroboration value and, in response to the cor-
roboration value equaling or exceeding the predetermined
threshold corroboration value, performing further analysis
of the first evidential statement and second evidential state-
ment to generate a modified corroboration value. Performing
further analysis of the first evidential statement and second
evidential statement to generate the modified corroboration
value may comprise at least one of: grading a first source of
the first evidential statement and grading a second source of
the second evidential statement; determining a relevance of
the first evidential statement and second evidential statement
to a hypothetical ontological link of an ontology for which
the first evidential statement is used as supporting evidence;
evaluating a source type of the first source and a source type
of the second source; or evaluating a time proximity of the
first evidential statement with the second evidential state-
ment.

Generating the indication of trustworthiness of the first
evidential statement further may comprise evaluating a first
source of the first evidential statement and a second source
of the second evidential statement based on at least one of
an occupation of a first person that is the first source and an
occupation of a second person that is the second source, or
a reputation of the first person and reputation of the second
person. Generating the indication of trustworthiness of the
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first evidential statement may further comprise evaluating a
relevance of the first evidential statement and second evi-
dential statement to a hypothetical ontological link of an
ontology for which the first evidential statement is used as
supporting evidence. The relevance may be evaluated
according to direct relationships, ownership characteristics,
and containment characteristics within the first evidential
statement and second evidential statement.

Processing the corpus of evidence data may comprise
comparing the degree of matching to a first threshold to
determine if the degree of matching is sufficient to indicate
corroboration of the first evidential statement by the second
evidential statement, and comparing the degree of matching
to a second threshold to determine if the degree of matching
indicates a copying of at least a portion of the first evidential
statement by the second evidential statement or a portion of
the second evidential statement by the first evidential state-
ment. In response to the degree of matching being equal to
or greater than the second threshold, the indication of
trustworthiness of the first evidential statement is reduced.

Link Scoring Based on Certainty Statements

As mentioned above, in addition to the evaluation of the
source of evidence and the corroboration of the evidence, an
additional consideration performed during the scoring of the
supporting evidence for a sub-link or hypothetical ontologi-
cal link is to analyze the language of the evidence itself to
determine a level of certainty in the language indicative of
a trustworthiness or veracity of the facts/conclusions speci-
fied in the evidence. In so doing, the certainty logic 446 of
the link scoring and analyzer engine 440 may perform
natural language processing on the evidence 438 to identify
patterns of terms in the evidence 438 that are recognizable
as patterns indicative of various levels of certainty. For
example, the use of terms such as “I saw” or “I heard” or the
like may be indicative of a first-hand account and a higher
level of certainty than other types of terms, such as “I think”
or “may be” or “looked like”. These latter terms may be
recognizable patterns indicative of low certainty of the
corresponding evidence and are referred to as “hedging”
terms, phrases, or textual patterns since the source is equivo-
cating the certainty of the facts or conclusions made in the
statement.

The certainty logic 446 may have a database of patterns
and terms that are matched to corresponding levels of
certainty, e.g., certain, not certain, or undetermined cer-
tainty. The certainty logic 446 may perform pattern match-
ing or term matching with the patterns and terms identified
in the evidence 438 to determine if the scores associated
with the evidence should be increased, decreased, or remain
unmodified based on the determined degree of certainty in
the evidence itself. If patterns or terms in the evidence 438
match patterns/terms recognized by the certainty logic 446
as high certainty patterns/terms, then the scores associated
with that evidence may be increased by a certainty weight-
ing factor corresponding to the particular certainty patterns/
terms that are matched, e.g., one certainty pattern may have
an associated first certainty weighting factor associated with
it in the database of patterns/terms while another certainty
pattern may have an associated second certainty weighting
factor different from the first certainty weighting factor. If
patterns or terms in the evidence 438 match patterns/terms
recognized by the certainty logic 446 as low certainty
patterns/terms, then the scores associated with that evidence
may be decreased by a certainty weighting factor corre-
sponding to the particular certainty patterns/terms that are
matched. Other patterns/terms may result in no modification
of the scores of the evidence.
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Thus, looking at the example statements of Witness A-C
above, Witness A’s statement that “the driver of the car
looked like John Smith” is indicative of a low certainty since
the witness cannot state for a fact that it was John Smith that
was driving the car, only that it looked liked John Smith.
Thus, witness A’s evidence scoring would be decreased by
the certainty weight. Witness B’s statement of “I saw John
drive the truck” is much more certain in that it provides a
first hand account with definitive statement that it was John
that drove the truck. Thus, Witness B’s statement would be
modified to increase its scoring by the certainty weight.
Witness C provides the statement “the car was driven by a
young African American man” and does not use a pattern
recognizable as providing certainty or non-certainty and
would thus, not have its scoring modified by a certainty
weighting. Hence in addition to the scoring of evidence
based on veracity of the source and corroboration, the
mechanisms of the illustrative embodiments may further
factor into the scoring the intrinsic certainty of the evidence
itself

Thus, in addition to the mechanisms previously described
links between information concept objects or entities may be
further evaluated by evaluating the corpus of evidence data
with regard to intrinsic certainty terms, phrases, or textual
patterns so as to adjust the scoring of links based on a
determined level of intrinsic certainty in the supporting
evidence. For example, in some illustrative embodiments,
when evaluating a link between information concept enti-
ties, the evaluation may comprise receiving a set of eviden-
tial data specifying a plurality of information concept enti-
ties, generating a link between at least two information
concept entities in the set of evidential data, and evaluating
the set of evidential data with regard to whether or not the
set of evidential data supports or refutes the link. The
evaluation of the set of evidential data may comprise ana-
lyzing language of natural language statements in the set of
evidential data to identify certainty terms within the natural
language statements. In addition, the evaluation of the link
may comprise calculating a confidence value for the link
based on results of the evaluation of the set of evidential data
and generating a knowledge output based on the link and the
confidence value associated with the link.

The certainty terms may comprise first-hand account
terms or phrases indicative of a first-hand account being
specified in the evidential data. Calculating the confidence
value for the link based on results of the evaluation of the set
of evidential data may comprise increasing a confidence
value for the link in response to detecting first-hand account
terms or phrases in the evidential data. Moreover, the
certainty terms may comprise hedging terms or phrases
indicative of a lack of certainty in the facts or conclusion
specified in the evidential data. In such a case, calculating
the confidence value for the link based on results of the
evaluation of the set of evidential data comprises decreasing
a confidence value for the link in response to detecting
hedging terms or phrases in the evidential data.

A database of patterns of certainty terms and phrases may
be maintained where each pattern in the database is associ-
ated with a corresponding level of certainty, and where
evaluating the set of evidential data may further comprise
matching patterns of terms or phrases in the evidential data
to corresponding patterns in the database of patterns. The
level of certainty for each of the patterns in the database, in
one illustrative embodiment, may be one of the following
levels of certainty: certain, not certain, or undetermined
certainty. Each level of certainty is associated with a differ-
ent certainty weighting factor. A certainty weighting factor
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associated with a level of certainty of a matching pattern in
the database of patterns is applied to a confidence score
associated with a portion of evidence in which the matching
pattern is present to generate a modified confidence score for
the portion of evidence. For example, if the level of certainty
of the portion of evidence is certain, then the corresponding
certainty weighting factor increases the confidence score
associated with the portion of evidence. If the level of
certainty of the portion of evidence is not certain, then the
corresponding certainty weighting factor decreases the con-
fidence score associated with the portion of evidence. If the
level of certainty of the portion of evidence is undetermined
certainty, the corresponding certainty weighting factor does
not modify the confidence score associated with the portion
of evidence.

As noted above, the evaluation of the link based on the
intrinsic certainty of the supporting evidence may be used
when evaluating a hypothetical ontological link in an ontol-
ogy for inclusion in the ontology. This evaluation may be
based on the knowledge output generated from the evalua-
tion of the intrinsic certainty terms, phrases, and textual
patterns in the supporting evidence. The evaluation of the
hypothetical ontological link may be used to modify the
ontology to include the hypothetical ontological link as an
actual link in the ontology in response to the knowledge
output indicating the hypothetical ontological link to be a
valid link between information concept objects in the ontol-
ogy.

Generating Different Lines of Questioning Based on
Evaluation of Previous Line of Questioning

As mentioned above, another aspect of the present inven-
tion is that once a hypothetical ontological link is deter-
mined to be sufficiently supported by the evidence is the
corpora 470 to warrant a modification of the ontology 482 to
include the hypothetical ontological link 412 into the ontol-
ogy 482 as an actual link, follow-up lines of questioning and
hypothetical ontological links may be identified and evalu-
ated through the mechanisms of the illustrative embodi-
ments to thereby generate new lines of questioning and
potentially new links in the ontology 482. Moreover, addi-
tional lines of questioning may be generated in response to
answers 434 received as a result of the processing of the
question set 424, e.g., additional sub-links may be identified
and evaluated. That is, an answer to a question in the
question set 424 may spawn one or more additional follow-
up questions to be submitted to the hypothetical link evalu-
ation pipeline 430 for evaluation and use in generating
additional answers 434, confidence scores 436, and evidence
438 for evaluation and scoring of the sub-links and hypo-
thetical ontological link 412. This may include additional
information concept objects 414 that may not have been
previously subjects of the question set 424, for example.

To give a more clear picture of a scenario in which these
mechanisms may operate, consider a scenario in which the
user is investigating a robbery of Al’s Flectronics and the
user wishes to determine whether John Smith and Jen
Johnson robbed Al’s Electronics. The user specifies the
scenario as a hypothesis or question, e.g., “Did John Smith
and Jen Johnson rob Al’s Electronics?” Thus, the scenario in
question is John and Jen robbed Al’s Electronics. The
mechanisms of the illustrative embodiments generates an
initial set of equation templates in the manner described
previously and prunes the set of question templates to
generate a sub-set of question templates. The question
templates in the sub-set of question templates are then used
as a basis for populating instances of the question templates
to thereby generate the question set 424 for the particular
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scenario. The question set 424 is then applied by the
hypothetical link evaluation pipeline 430 to the corpora of
evidence to determine evidence that supports and/or refutes
the scenario or hypothesis.

During the process of evaluating the pruned set of ques-
tions 424, assume that evidence arises that John was present
in Al’s Electronics 2 days prior to the robbery but Jen has
never been to Al’s Electronics according to the set of
evidence data. Thus, the original scenario in question, i.e.
John and Jen robbing Al’s Electronics, is likely to be
determined to have lower evidential support since Jen has
not visited to Al’s Electronics.

However, through the mechanisms of the illustrative
embodiments, it may be determined that there is an addi-
tional line of questioning that may be generated as to
whether John has other acquaintances that have visited Al’s
Electronics on or about the time of the robbery since John
was present at Al’s Electronics at a close time to the robbery
but Jen was not. Thus, a new line of questioning may be
generated as to “Who are John’s acquaintances?”, “Have
any of John’s acquaintances been to Al’s Electronics on or
around the date of the robbery?”, “Did John communicate
with any of these acquaintances on or around the date of the
robbery?”, etc. Therefore, while the original scenario may
not have involved these other acquaintances, the line of
questioning has now expanded to encompass other concept
entities that may not have been originally included in the
defined scenario. As a result, the scenario itself is expanded
by introducing new lines of questioning.

The additional lines of questioning may be determined
based on link types that have a high relevance to the link
type and activity of the hypothetical ontological link being
evaluated. Moreover, additional lines of questioning may be
determined based on information concepts that have a
relevance to association with the particular link type and
activity of the hypothetical ontological link, e.g., an activity
of a “robbery” involves “person” information concepts and
“location” information concepts and thus, additional lines of
questioning should be of the type that present questions
regarding persons and locations and in particular the persons
and/or locations associated with the hypothetical ontological
link. Thus, the additional line of questioning logic will take
into consideration the particular scenario being evaluated,
the particular link type of the hypothetical ontological link
being evaluated, and the information concept types involved
in the hypothetical ontological link.

In identitying the additional lines of questioning, question
templates corresponding to combinations of link types and
information concept types related to the hypothetical onto-
logical link are retrieved and populated with information
regarding specific information concepts associated with the
hypothetical ontological link. For example, if the original
hypothetical ontological link involves the information con-
cept for “John”, then the information for the information
concept “John” may be used to populate an information
concept object of the question template for the additional
line of questioning. For example, in a scenario to establish
complicit activities, a “knows” link for a person A to person
B will trigger a set of communication and contact type link
questions between person A and person B. Further if a
location is involved, the set of questions generated would try
to establish any link between persons A and/or B with the
specified location.

The actual identification of additional lines of questioning
may be based on configuration of the illustrative embodi-
ment to identify information concept types and link types
that are highly correlated with information concept types
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and link types of the particular hypothetical ontological link,
or sub-link, being evaluated. For example, the logic for
implementing the mechanisms of the illustrative embodi-
ments may be configured to recognize that a person infor-
mation concept type is most often (e.g., 90% of the time)
linked with another person information concept type or
location information concept type. Similarly, a link type of
“visits” may be most often linked with a location informa-
tion concept type (e.g., 92% of the time) and to a lesser
degree is linked with a person information concept type
(e.g., 5% of the time) and an Internet address information
concept type (e.g., 2% of the time). However, for a particular
type of hypothetical ontological link and scenario involving
wire fraud, the “visits” link type may instead be linked to an
Internet address information concept type a majority of the
time (e.g., 80% of the time). These configuration parameters
for identifying highly correlated information concept types
and link types may be learned over time using a machine
learning approach, may be manually entered by a subject
matter expert, or any combination of machine learning and
manual entry.

Having identified the highly correlated information con-
cept and link types for the particular information concepts
and hypothetical ontological link or sub-link being evalu-
ated, for the set of highly correlated information concept
types and link types, a similar approach as discussed above
for the hypothetical ontological link may be followed to
retrieve a set of question templates, prune the set of question
templates, populate fields of the question template with
specific information from the particular highly correlated
information concept objects and links, and process the
resulting questions. Thus, mechanisms are provided for
identifying and processing additional lines of questioning
based on results generated by processing a previous set of
questions directed to a particular link evaluation.

In other words, in accordance with one illustrative
embodiment, mechanisms for generating different lines of
questioning based on the evaluation of a previous line of
questioning are provided that receive a set of evidential data
specifying a plurality of concept entities and receive input
specifying a scenario to be evaluated by the data processing
system. The scenario specifies a hypothetical link between at
least two of the concept entities. The mechanisms evaluate
a first set of questions corresponding to the at least two
information concept entities based on the set of evidential
data and, based on results of evaluating the first set of
questions, automatically generate a second set of questions
to further expand upon and investigate the results of evalu-
ating the first set of questions. The mechanisms process the
second set of questions based on the set of evidential data
and output an indication of the scenario and a corresponding
measure of support for or against the scenario being a valid
scenario involving the at least two concept entities based on
results of evaluating the first set of questions and processing
the second set of questions.

The second set of questions may be associated with one
or more other links related to the hypothetical link. The
second set of questions may be directed to at least one
information concept entity different from the at least two
information concept entities.

Automatically generating the second set of questions may
comprise identifying at least one of an follow-up informa-
tion concept entity type that is correlated with an informa-
tion concept entity type of one of the at least two information
concept entities, or a follow-up link type of another link that
is correlated with a link type of the hypothetical link.
Moreover, generating the second set of questions may
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further comprise retrieving, from a question template data
structure, a set of question templates corresponding to the
follow-up information concept entity type or follow-up link
type. In addition, generating the second set of questions may
comprise generating the second set of questions based on the
retrieved set of question templates.

Identifying at least one of the follow-up information
concept entity type or follow-up link type may comprise
using at least one of machine learned or manually input
configuration information specifying related information
concept entity types and related link types. Automatically
generating the second set of questions may be performed in
response to the results of evaluating the first set of questions
indicating that the hypothetical link has sufficient evidential
support to be considered an actual link to be added to an
ontology. Automatically generating the second set of ques-
tions may comprise evaluating the scenario, a link type of
the hypothetical link, and information concept types of the
at least two information concept entities to identify other
information concept types and link types that are highly
related to one or more of the scenario, the hypothetical link,
or the at least two information concept entities.

Returning again to the basic operation of the illustrative
embodiments, as noted above, the mechanisms of the illus-
trative embodiments evaluate the hypothetical ontological
links to generate a score for the hypothetical ontological
links which represent a measure of confidence or evidential
support for the hypothetical ontological link being an actual
link between information concepts in the ontology. The
scoring takes into consideration the characteristics of the
particular hypothetical ontological link including the type of
the link the particular information concepts that are the
subjects of the link, and the like. Evidence supporting or
refuting the link is found in the corpus by processing a set
of questions corresponding to these extracted features of the
hypothetical ontological link to generate queries that are
applied against the corpus to find evidence from the corpus
that matches the queries. The resulting evidence is used to
generate answers to the questions. In addition, in some
illustrative embodiments, the evidence is collected for fur-
ther evaluation when scoring the hypothetical ontological
links based on the characteristics of the evidence and the
characteristics of the particular hypothetical ontological
links inferred by the evidence. That is, the evidence gathered
by the QA system pipeline is further provided to the link
scoring and analyzer engine 440 for evaluation. The link
scoring and analyzer engine 440 not only combines the
results of the answers generated from the various questions
in the set of questions, but may further analyze the evidence
with regard to various characteristics, e.g., timing of the
evidence, locations corresponding to the evidence, activities
associated with the evidence, and the like, to thereby cat-
egorize the type of the hypothetical ontological link so as to
more specifically identify the type of link between the
information concepts, e.g., person A “knows” person B on a
“personal” basis or “professional” basis. The scoring of the
sub-links that are aggregated to score the hypothetical
ontological link, as well as the scoring of the hypothetical
ontological link itself, may involve further evaluation of the
supporting evidence with regard to grading of the sources of
the evidence, corroboration, and certainty of the statements
within the evidence.

To better illustrate the operation of the illustrative
embodiments with regard to question generation for hypo-
thetical ontological links, example scenarios are provided in
FIGS. 5 and 6 illustrating hypothetical ontological link
question generation in accordance with one illustrative
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embodiment. FIG. 5 shows an example of hypothetical
ontological link question generation with regard to an infor-
mation concept of a person, John, with the hypothetical
ontological link being investigated being of the type
“acquaintances.” As a result of this input, the mechanisms of
the illustrative embodiments determine that for the
“acquaintance” type of hypothetical ontological link, asso-
ciated with a person information concept, three possible
hypothetical ontological sub-links are present including
John calling another person information concept, John
knowing another person information concept, and John
visiting a particular location associated with another person
information concept.

Corresponding question templates for these types of sub-
links are retrieved based on the type of the sub-links and the
type of the information concept, i.e. person information
concept: John. Thus, for the combination of the sub-link type
“know” and the person information concept, the question
templates “Does <Person A> know <Person B>?" and
“What type of relationship does <Person A> have with
<Person B>?" where Person A is John and Person B is other
person information concepts within the ontology, e.g., per-
son information concepts Paul and Mary in the depicted
example. Thus, instances of these questions are generated
for each of the person information concepts Paul and Mary
and submitted to a corresponding QA system pipeline for
evaluation.

Similar to the above, question templates for the combi-
nation of the sub-link type “call” and the person information
concept are retrieved. In the depicted example, this results in
question templates of “Does <Person A> call <Person B>?”
and “Does <Person B> call <Person A>?" For the combi-
nation of sub-link type “visit” and the person information
concept, the question templates “Does <Person A> visit
<Location A>?” and “How likely is <Person A> to visit
<Location A>?” are retrieved. With these question tem-
plates, the Location A variable is replaced with locations
present in the ontology, such as Times Square in the depicted
example.

It should be noted that in the tables shown in FIGS. 5§ and
6, the “route” column refers to the type of analysis required,
e.g., simple or scenario. A simple analysis looks for direct
evidential support for the particular type of link, e.g., direct
evidence is likely to exist for answering the question “Does
John call Mary?” in the form of telephone records or the like.
However, other types of questions may require a more
complex scoring and evidential support analysis to deter-
mine the answer to the question, e.g., the question “What
type of relationship does John have with Mary?” will require
that a variety of different evidence and characteristics of the
evidence be evaluated to answer this question. Questions
requiring more complex scoring and analysis are referred to
as having a “scenario” route whereas questions that will
likely have direct evidence for answering the question in the
corpus are referred to as having a “simple” route.

FIG. 6 shows an example of hypothetical ontological link
question generation with regard to an information concept of
a location, Times Square. All valid hypothetical ontological
links associated with the location and other information
concepts in the ontology will be investigated and evaluated
by the mechanisms of the illustrative embodiments in
response to the selection of the location information concept
of Times Square. In this case, having selected an information
concept that has the type of a “location”, various hypotheti-
cal ontological links between the location information con-
cept and other information concepts are identified. In this
depicted example, various hypothetical ontological links
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between the location and person information concepts are
identified, e.g., a “visit” link, a “live” link, a “work™ link,
and a “call” link.

Corresponding question templates for these types of
hypothetical ontological links are retrieved based on the type
of the links and the type of the information concept, i.e.
location information concept: Times Square. Thus, for the
combination of the link type “work”™ and the location infor-
mation concept, the question templates “Does <Person A>
work in <Location A>?" and “Who are the people that work
in <Location A>?" where Location A is Time Square and
Person A is other person information concepts within the
ontology, e.g., person information concepts John, Paul and
Mary in the depicted example. In some illustrative embodi-
ments, the set of question templates may comprise a large
number of question templates that cover a wide range of
possible types of information concepts and hypothetical
ontological links or sub-links. Hence, a pruning operation,
such as discussed above, may be implemented to prune the
initial set of question templates into a set of question
templates for the particular information concept instances
(objects) and hypothetical ontological link or sub-link being
evaluated.

Instances of the question templates in the pruned set of
question templates are generated for each of the location
information concept and person information concepts John,
Paul and Mary, where appropriate, and submitted to a
corresponding QA system pipeline for evaluation, e.g., a first
instance of “Does John work in Times Square?” and a
second instance of “Does Mary work in Time Square?” may
be generated and evaluated by the QA system pipeline.

Similarly, question templates for the combination of the
hypothetical ontological link type “call” and the person
information concepts are retrieved. In the depicted example,
this results in question templates of “Does <Person A> call
<Person B> in <Location A>?" and “Does <Person B> call
<Person A> in <Location A>?” For the combination of
hypothetical ontological link type “visit” and the person
information concept, the question templates “Does <Person
A> visit <Location A>?” and “How likely is <Person A> to
visit <Location A>?" are retrieved. Moreover, for the hypo-
thetical ontological link type of “live,” the question template
of “Who are the people currently living in <Location A>?”
is retrieved and used to submit a question to the QA system
pipeline for evaluation.

It should be appreciated that in these examples shown in
FIGS. 5 and 6, the questions are received from the question
set database or repository that stores sets of questions in
association with one or more information concept types
and/or hypothetical ontological link types. Thus, for a hypo-
thetical ontological link type of “location” there may be
multiple sets of questions associated with this link type with
each set being associated with a different type of information
concept, e.g., a set of questions for person information
concepts, a set of questions for event information concepts,
etc. These sets of questions may be presented as templates
that have variables or fields that are populated with the
actual information from the selection of information concept
and hypothetical ontological link type by the user or auto-
mated hypothetical ontological link identification engine,
and/or information from the information concept objects and
actual link objects in the ontology.

FIGS. 7-10 are provided hereafter to further illustrate the
operation of the one illustrative embodiment of the present
invention with regard to a particular scenario. It should be
appreciated that FIGS. 7-10 utilize a simplified ontology for
purposes of illustration. In actuality, ontologies may be very
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complex having many different information concepts and
linkages between information concepts that are identified
and evaluated using the mechanisms of the illustrative
embodiments. FIGS. 7-10 are only intended to be examples
and are not intended to state or imply any limitation with
regard to the manner in which the mechanisms of the
illustrative embodiments may be employed.

FIG. 7 is an example diagram illustrating a graphical
representation of a simplified ontology having actual links
between information concepts and a hypothetical ontologi-
cal link for investigation by the mechanisms of the illustra-
tive embodiments. As shown in FIG. 7, the ontology 700
comprises a plurality of information concept objects 702-
714 of various types including locations, persons, and
events. Various ontological links 716-728 exist between
these information concept objects. This ontology 700 may
be pre-constructed based on information already entered into
the system to build the ontology 700 by specifying the
various information concept objects 702-714 and their attri-
butes as well as the ontological links 716-728 and their
attributes including link type.

In the depicted example ontology 700, the person 704
“John” lives 716 at the location 702 “East Street London.”
The person 704 “John” also is an employee 718 at the
location 706 “Acme”. In addition, the person 708 “Paul” is
also an employee 720 at the location 706 “Acme”.

It is further noted that in this ontology 700, call events 712
and 714 are indicated. It can be seen from the ontology 700
that the person 708 “Paul” was involved with the person 704
“John” in an event 712 which was a telephone call. The
event 712 may have various attributes specifying the date
and time of the call, duration of the call, the direction of the
call (who called whom), and the like. This leads to links 722
and 724 between the persons 704 and 708 with the event
712. Similarly, another person 710 “Mary” was involved in
the event 714 with the person 708 “Paul” leading to links
726 and 728.

With this ontology 700 as a starting point, assume that an
analyst wants to know whether the person 704 “John” knows
the person 710 “Mary.” It should be noted that, in the
ontology 700, there is no pre-existing link between John 704
and Mary 710. Therefore, without investigating the hypo-
thetical ontological link between John 704 and Mary 710,
the ontology 700 on its face indicates that John 704 does not
know Mary 710. Thus, the analyst may input to the mecha-
nisms of the illustrative embodiments, a selection or speci-
fication of the person 704 “John” and a selection or speci-
fication of the person 710 “Mary”. The analyst may also
specify that the hypothetical ontological link 730 that is
being asked about is of the type “knows.” As a result,
various possible sub-links between John 704 and Mary 710
may be identified as being sub-links of the hypothetical
ontological link 730, e.g., call link, visits link, knows link,
works with link, etc. For each of these possible sub-links a
set of question templates may be retrieved to evaluate using
appropriately trained QA system pipelines. For simplicity, it
is assumed that the questions in the question set that are
submitted to the trained QA system pipeline include the
questions “Does John know Mary?”, “What type of rela-
tionship does John have with Mary?”, “Does John work with
Mary?”, and “Does John call Mary?”

These questions are submitted to the QA system pipelines
and the answers to these questions, the confidence scores,
and the underlying supporting evidence is returned. This
information is provided to a link scoring and analysis engine
which evaluates the evidence and answers and generates a
score for the sub-link. For example, one feature of the
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hypothetical ontological link between John 704 and Mary
710 is whether John 704 calls or is called by Mary 710.
Through evaluation of the question “Does John call Mary?”
it may be determined that while John 704 does not directly
call Mary 710, John 704 does call Paul 708 directly and that
Paul 708 calls Mary 710 directly at approximately the same
time, duration, and on multiple occasions. This information
may be collected by searching through the corpus to find
who John does call, and then find out who the persons that
John calls, in turn call. Correlating the telephone records in
the corpus for such calls, the system may determine that at
approximately the same time on a plurality of occasions,
there was a call from John to Paul at approximately the same
time and duration as a call from Paul to Mary. This is an
indication that while two separate phone calls are logged in
the corpus, they may in fact have been a single telephone
conference conducted between John, Paul, and Mary. Thus,
while the answer to the question “Does John call Mary?”
may be “no” with a high confidence from analysis of the
direct evidence within the corpus since there is no explicit
evidence of an actual call directly from John to Mary,
additional analysis by the link scoring and analyzer engine
may determine that there is circumstantial evidence that
supports a change in the scoring of the sub-link that John
calls Mary.

Similarly, analysis of the question “Does John work with
Mary?” may result in an answer of “no” since Mary does not
have a link to the Acme location 706 indicating that Mary is
an employee of Acme. However, there may be evidence in
the corpus that Mary visited the Acme location 706 at some
time thereby indicating a stronger possibility that John
knows Mary. Other similar evidence showing connections
between John and Mary, or John with other information
concepts to which Mary has a connection as well, in the
evidence of the corpus, may be evaluated and used to
generate a supporting evidence score for the various sub-
links for the hypothetical ontological link that John knows
Mary 730.

Thus, the link scoring and analyzer engine is configured
with logic for looking at various characteristics of the
supporting evidence in the corpus to determine if there is
circumstantial evidence within the corpus that supports or
refutes the sub-links and the hypothetical ontological link.
Each of the evaluations of these characteristics may be
combined to generate scores for the sub-links and then the
scores for the sub-links may be combined to generate a score
for the hypothetical ontological link 730 between John 704
and Mary 710 indicating that John 704 knows 730 Mary
710.

Moreover, the link scoring and analyzer engine may
further evaluate the evidence with regard to the grading of
the source of the evidence as discussed above with evidence
coming from unreliable and/or non-credible sources being
effectively discounted while evidence from sources that are
reliable and credible being given greater weight. In addition,
the link scoring and analyzer engine may further evaluate
the evidence for corroboration from other sources of evi-
dence and for certainty of the evidence based on the state-
ments within the evidence itself. Each of these factors may
be combined to modify the scoring of the evidence and
ultimately the sub-links and hypothetical ontological link,
such as in the manner previously discussed above.

FIG. 8 is an example diagram illustrating the example
simplified ontology of FIG. 7 with example scoring of the
hypothetical ontological link in accordance with one illus-
trative embodiment. As with FIG. 7 above, it should be
appreciated that while these examples make reference to
“calls”, these are only examples and are not intended to state
or imply any limitation as to the types of interactions
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between information concepts that may be investigated and
evaluated using the mechanisms of the illustrative embodi-
ments. For example, rather than concentrating on call logs
and information about telephone calls between persons as
shown in the examples of FIGS. 7 and 8, other types of
communications may be similarly evaluated by the mecha-
nisms of the illustrative embodiments, e.g., chat sessions,
instant messaging, electronic mail messaging, or the like.
Any type of communication correspondence that can have
characteristics that may be evaluated by the mechanisms of
the illustrative embodiments may be the subject of the
analysis performed by the mechanisms of the illustrative
embodiments. Similarly, for other types of information
concepts, any type of relationship having characteristics that
may be analyzed and evaluated using the mechanisms of the
illustrative embodiments is intended to be within the spirit
and scope of the illustrative embodiments.

As shown in FIG. 8, through analysis of the supporting
evidence retrieved when answering the questions associated
with the sub-links, the link scoring and analysis engine
determines various scores of the sub-links. For example, a
first sub-link 810 may indicate that John calls Mary or Mary
calls John. Through analysis of the telephone records in the
corpus, it may be determined that John calls Paul and Paul
calls Mary at the same time such that there is a moderate
degree of likelihood that John is in fact indirectly calling
Mary. Based on various characteristics of the evidence, e.g.,
time, frequency, duration, etc. of these calls, the numerical
score for this link may be relatively high or low. For
example, if such instances of indirect calling occur fre-
quently, at a same or similar time, and last a same or similar
duration, or above a predetermined duration, then a higher
score indicative of John calling Mary is generated. If the
frequency, time, and duration are relatively low, e.g., this has
happened only once in the supporting evidence, then the
score for the link indicative of John calling Mary will be
relatively lower.

A second sub-link 820 may represent a relationship
between John and Mary. Supporting evidence indicative of
a work relationship, e.g. working at the same location, a
family relationship, e.g., Mary is married to Paul and Paul is
John’s brother, or other types of evidence indicative of a
friend, family, co-worker, or other type of relationship may
be evaluated to generate a score for this second sub-link 820.
If there is little or no supporting evidence for a relationship
of one of these types between John and Mary, then the score
will be relatively low while if there is strong evidence of a
relationship, e.g., a marriage certificate, ancestry informa-
tion, birth certificate, etc., then the score will be relatively
high.

A third sub-link 830 may represent co-location of John
and Mary. For example, supporting evidence may be pro-
vided that John is often seen at the same location as Mary.
For example, if the supporting evidence shows that John was
present at Acme 706 at the same time as Mary on a number
of occasions, then there is a relatively higher score that John
and Mary are often co-located. However, if there is rela-
tively little or no evidence that shows that John and Mary are
present at Acme 706 at the same time, then the score for this
link may be relatively low.

For purposes of the depicted example, it is assumed that
through analysis of telephone records in the corpus to
identify supporting evidence for answering the question
“Does John call Mary?” that strong evidence is found that,
at least through an indirect manner via events 712 and 714,
that John does call Mary and thus, a score of 0.80 is
attributed to sub-link 810. Similarly, through analysis of the
corpus, e.g., employment records, birth certificates, mar-
riage certificates, tax records, or any other source of infor-
mation indicative of family, friend, co-worker, etc., relation-
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ships, it may be determined that there is a relatively low
amount of evidence indicating that John and Mary have
some sort of direct relationship and thus, the score for
sub-link 820 is 0.20. Moreover, through analysis of the
corpus, e.g., GPS data, cellular network data, and the like, it
may be determined that there is a relatively moderate
amount of evidence indicating that John and Mary have been
present at the same location at approximately the same time
and thus, the score for sub-link 830 may be 0.50.

These scores may be combined using any suitable calcu-
lation, with each other and/or with the confidence scores
generated by the answering of the questions by the QA
system pipeline, to generate a confidence score for the
hypothetical ontological link 730 as a whole. For example,
a weighted function of the confidence scores of the answers
to the various questions, as well as the scores of the
sub-links, may be utilized in which the weights for the
various components of the calculation may be learned
through training and machine learning or by way of human
intervention to set the weights. For example, higher weights
may be given to sub-links directed to actual relationships
(family, friends, co-workers) between the persons, e.g.,
sub-link 820, with relatively lower weights being given to
sub-links directed to co-location. Similarly, different
weights may be given to the confidence scores of answers to
different types of questions in the set of questions. Thus, for
example, one may calculate an aggregate confidence score
for the hypothetical ontological link 730 using the above
scores for the sub-links 810-830 utilizing the following
mathematical relationships:

M

[Z; f(k;)] /i

In this relationship, n is the number of times a connection/
link between information concept A and B are initiated, i is
a particular link number, j is a number of link scores, and
f(ki) is the link score for link i.

To further explain this relationship, assume that d is a
duration of the interaction or connection/link between infor-
mation concept A and information concept B, with n being
the number of times the connection/link is initiated. Further
assume that 1 is the type of interaction or connection/link, s
is the simultaneous occurrence of the connection/link, t is
the time of day, r is the direction of the connection/link from
information concept A to information concept B (e.g., a
call), and c is the direction of the connection/link from
information concept B to information concept A (e.g., a
callback). A duration score f(ds)=d*f(t), where f(t) is a
normalizing function based on the connection/link type 1
and the time of day t.

Let Ti be the time of day assigned value, where Ti is
designated based on ranges in the day, e.g., 7-12 am.
(morning) value=5; 12-5 p.m. (afternoon) value=6; 5-9 p.m.
(evening) value=8; 9 p.m.-12 a.m. (night) value=12; 12
a.m.-7 am. (early morning) value=15. Let f(It) be a factor
based on the link type 1 for time of day t. This is pulled from
a mapping table. For example, for a link type 1=Telephone
call, the following {(It) factors may be utilized:
f(1t)=0.25 where t is morning
f(1t)=0.40 where t is afternoon
f(1t)=1.20 where t is evening
f(lt)=1.7 where t is night
f(1t)=2.0 where t is early morning
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The normalizing function f(t) may be set equal to the
value of Ti*{(1t). In this example, the direction of interaction
score f(i)=sum of r (0.25 load factor)+Sum of ¢ (1.25 load
factor when callback).

Using these relations, a link score may be determined as
the sum of the number of connections/links, normalized by
the time of day per link type, plus the sum of the duration
score and the sum of the simultaneous occurrence score,
normalized by the link type factor, plus the number of
connections/links per direction normalized by the link type
factor, plus the direction interaction score:

Link Score f(k)=(Sum of n)/f(t)+[f(ds)+Sum of s]/f(1t)+Sum
of r/[2*f(1t)]+1(i), also written as equation (2) below:

En)/F(O+[f (ds)+Es)FUD+Er) (2*f WD)+ @) @

Now, letting j be the number of link scores and f(k) be
each link score, aggregating the link scores, e.g., (\sum
f(k))/j, one obtains the aggregate of the links as noted above
in equation (1).

In addition, the aggregate confidence score associated
with the hypothetical ontological link may take into consid-
eration factors of source grading, corroboration, and cer-
tainty in the evidence supporting the sub-links and hypo-
thetical ontological links as discussed above. Thus, the
scoring of particular sub-links 810-830 may be modified
based on the veracity of the sources of the evidence sup-
porting/refuting these sub-links 810-830, the intrinsic cer-
tainty of the evidence supporting/refuting these sub-links
810-830, and the corroboration of the facts/conclusions
specified in the evidence by other evidence. Based on the
source grading and corroboration of information, a follow
up question may be generated to gather more information on
the sub-links due to the source. An unreliable source Z may
trigger a different line of questioning where the source will
be guaranteed to be different from source Z. For example, a
parking ticket violation correspondence for person A pro-
vides evidence that person A visited a location X, however
that source is unreliable as someone else may drive the car.
This will trigger a different line of questioning of person A
performing an activity of a type of link that will be more
reliable. For example, a question directed to whether person
A patronizes the location X within the same timeframe,
looking for evidence of credit card payments at the location
X, or the like. Further, person A may have made a call from
location X and thus, questions directed to whether person A
was involved in a call while at location X may be identified
and used to find evidence to further confirm they used their
personal phone at location X. Other related lines of ques-
tioning may further be identified for obtaining evidence that
tends to support or refute the hypothetical ontological link
without departing from the spirit and scope of the illustrative
embodiments.

FIG. 9 is an example diagram illustrating a graphical
output of a modified ontology generated in response to the
scoring of the hypothetical ontological link in accordance
with one illustrative embodiment. As shown in FIG. 9, due
to a comparison of the aggregate confidence score for the
hypothetical ontological link 730 to a pre-determined thresh-
old indicative of a minimum confidence score (e.g., 0.6) for
inclusion of the hypothetical ontological link 730 as an
actual link in the ontology 700, the hypothetical ontological
link 730 is converted to an actual link 910 in the modified
or updated ontology 900. The resulting ontology 900 may be
presented to a user via a graphical user interface or other
output indicating the ontology 900 and providing a user
interface through which a user may view the supporting
evidence and features of the various links between informa-
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tion concept objects in the ontology 900. Thus, for example,
a user may select the newly added link 910 and be presented
with information 920 indicating the aggregate confidence
score for the link 910, the component scores that were used
to generate the aggregate confidence score, as well as user
interface elements for viewing the supporting evidence 930
or at least statistics regarding the supporting evidence 930
giving rise to the various components of the aggregate
confidence score. In the depicted example, the user selects
the “calls” sub-link, e.g., by selecting the GUI box next to
the sub-link, and selects the “View Evidence” GUI button to
view the supporting evidence 930 that shows a listing of
calls and their attributes, e.g., time of day, duration, direction
of call, etc., that provide supporting evidence for the scoring
of the sub-link “calls”. It should be appreciated that various
and multiple levels of drilling down into the data used as a
basis for generating the new link 910 may be provided.

As mentioned above, a hypothetical ontological link may
be comprised of a plurality of sub-links of various types. In
addition the evidence supporting these various types of
sub-links and hypothetical ontological links may provide
additional evidence for categorizing the links into one of a
plurality of different categories for the particular type of
link. Taking the “relationship” sub-link 820 discussed
above, the result of the evaluation of this sub-link 820 may
indicate that there is a relationship between John and Mary,
for example. However, in addition to simply determining
that there is a relationship, the type of relationship may also
be determined and used to categorize the sub-link 820. For
example, the relationships may be of various categories such
as “co-worker”, “family”, or “friend” and various types of
evidence may be used to evaluate the likelihood that the
relationship is one of these various categories. The category
may then be associated with the sub-link 820 and the
hypothetical ontological link 730 such that the category may
be presented to the user along with the ontology, such as
when the user drills down into the characteristics of the link
910 to see the underlying supporting evidence, confidence
scores, and the like. For example, the user may click on the
link 910 and be presented with information about sub-links
810-830. Amongst this sub-link information may be the
categories associated with these sub-links, e.g., relationship
link 820 is a family relationship between John and Mary due
to supporting evidence including a marriage certificate
between Mary and Paul and ancestry information indicating
that Paul is the brother of John.

It should be noted that various types of circumstantial
evidence may be evaluated to determine a category of a link
or sub-link. The evaluation of the combination of this
circumstantial evidence may give rise to a final determina-
tion as to the category from amongst a plurality of possible
categories.

FIG. 10 is an example diagram illustrating an example
scenario for evaluating various characteristics of links for
categorizing a link hypothetical ontological link between
information concept entities. As shown in FIG. 10, through
analysis of a corpus of evidence information when investi-
gating a hypothetical ontological link between Fred and
Wilma, it may be determined that there are 40 instances in
the corpus of evidential information where Fred 1010 calls
Wilma 1020 and 130 instances of Wilma 1020 calling Fred
1010. In addition, the evidence may indicate that the average
duration of calls from Fred 1010 to Wilma 1020 is approxi-
mately 25 minutes. Similarly, the average duration of calls
from Wilma 1020 to Fred 1010 30 minutes. Moreover, it
may be determined through analysis of the evidence in the
corpus that Fred 1010 calls Wilma 1020 during the day 32
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times but calls Wilma 1020 during the nighttime only 8
times. Furthermore, it may be determined that Wilma 1020
calls Fred 1010 during night time hours 60 times and during
daytime hours 70 times.

The evidence may be scored to determine a likelihood that
the relationship between Fred and Wilma is either a family
relationship, co-worker relationship, or a friend (acquain-
tance) relationship, i.e. the evidence may be scored to
determine a category of the hypothetical ontological link
between Fred and Wilma. The scoring may look at the
pattern of evidence to evaluate the nature of the evidence.
For example, since it appears that Wilma calls Fred approxi-
mately the same amount of times during day and nighttime
hours, Fred calls Wilma mostly during the day, that there is
relatively frequent calls between Fred and Wilma, and that
the calls last approximately the same amount of time going
either direction, that more likely the relationship between
Fred and Wilma is one of a friend or acquaintance. If the
occurrence of calls from Wilma to Fred mostly happened
during the daytime hours it may be more indicative of a
family relationship. Other types of patterns may be evalu-
ated to identify other types of categories of relationships
between persons. For example, in some illustrative embodi-
ments, call patterns at a fixed scheduled time, day and
duration may be determined to indicate a professional rela-
tionship type, including evaluations as to whether the call
patterns are present during the day time, or day time of at
least one of the participant’s time zones. A frequent spo-
radic, lengthy duration for a call is likely indicative of a
personal relationship type, especially if some of those calls
is outside the normal work hours for the information con-
cepts. Short or long very infrequent calls or communications
during normal hours and weekends may be indicative of
acquaintances, where “infrequent” may be once every two to
three weeks or a month depending on the information
concepts involved. Essentially, any definable pattern that
may be identified in the evidence may be correlated with a
particular category of link between information concepts.
The resulting category identification may then be associated
with the corresponding link or sub-link and returned with
results when evaluating the hypothetical ontological link.

Thus, the mechanisms of the illustrative embodiments
provide facilities for identifying hypothetical ontological
links, evaluating these hypothetical ontological links with
regard to evidence provided within one or more corpora, and
modifying an ontology based on the evaluation of the
hypothetical ontological links. In addition, notifications of
the results of such evaluations may be presented to a user so
that the user is informed of newly discovered relationships
between information concepts within an ontology for use in
determining areas of further investigation.

The mechanisms of the illustrative embodiments may be
implemented in many different domains. In some illustrative
embodiments, the mechanisms of the illustrative embodi-
ments are implemented in the domain of intelligence gath-
ering and crime investigation. For example, law enforce-
ment personnel may utilize the mechanisms of the
illustrative embodiments to input an ontology representing
one or more events, locations, suspects, witnesses, known
associates of suspects and witnesses, weapons used during
the crime, tools used during the crime, or any other infor-
mation concept that represents information about the crime
under investigation. The resulting ontology may then be
used as a source of input to the mechanisms of the illustra-
tive embodiments for the law enforcement personnel to
investigate various theories or scenarios regarding the crime
to thereby identify hypothetical ontological links between
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the information concepts in the ontology, e.g., suspect A
committed the robbery of Al’s Electronics. From the theory
or scenario, various possible sub-links of the hypothetical
ontological link of suspect A committing the robbery of Al’s
Electronics, may be identified and used as a basis for
selecting sets of questions to be submitted to the QA system
pipelines for evaluation. Moreover, characteristics of the
information concept objects themselves may be utilized,
e.g., questions regarding the robbery of an electronics store
may have different templates than questions regarding the
cyber-robbery of a bank since physical assets are generally
the target in the former and electronic assets are the target in
the latter.

The questions may be evaluated based on a large corpus
or set of corpora representing various sources of information
useful for criminal investigations. This is a wide range of
possible information sources including criminal records,
residency information, location information, communica-
tion information, bank records, vehicle registration and
location information, or any other source of information that
a criminal investigator may generally look to for gathering
information about persons, locations, or events associated
with a crime. Based on evaluation of the questions using the
evidence information obtained from the one or more cor-
pora, various links between information concepts, e.g.,
suspects, witnesses, locations, events, etc., may be identified
and scored. These links may then be evaluated to determine
an aggregate score for the hypothetical ontological link that
suspect A committed the robbery of Al’s Electronics. The
result of this evaluation may be notified to the criminal
investigator along with a graphical user interface represent-
ing the ontology that allows the criminal investigator to drill
down into the supporting evidence and scores associated
with the links, sub-links, and the like. Moreover, the cat-
egorization of the links may also be viewed. Thus, for
example, it may not have been previously known that
suspect A is related to witness B and thus, now that it is
known through evaluation by the mechanisms of the illus-
trative embodiments, the statements made by witness B may
be brought into question as to their veracity.

Other uses and implementations of the mechanisms of the
illustrative embodiments will become apparent to those of
ordinary skill in the art in view of the present description.
Any implementation of the mechanisms of the illustrative
embodiments to identify and evaluate a hypothetical onto-
logical link in a given ontology is intended to be within the
spirit and scope of the present invention.

FIG. 11 is a flowchart outlining an example operation for
identifying and evaluating hypothetical ontological links in
an ontology in accordance with one illustrative embodiment.
As shown in FIG. 11, the operation starts with the receipt of
an ontology (step 1110). The ontology may be built using
any suitable data input mechanism for defining information
concept objects and their associations (or links). For
example, a graphical user interface may be provided that
provides one or more interfaces through which a user may
define various types of information concept objects, e.g.,
persons, places, things, events, etc., and various types of
linkages between information concept objects.

An indication of at least one of an information concept
object and a type of hypothetical ontological link to be
investigated is received (step 1120). This indication may be
received via user input or through an automated mechanism
that analyzes the ontology and identifies possible hypotheti-
cal ontological links for further evaluation. For example, in
one illustrative embodiment, the user may be presented with
a graphical representation of the ontology and may select
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one or more information concept objects from the graphical
representation of the ontology for use in evaluating hypo-
thetical ontological links associated with the selected one or
more information concept objects. Moreover, the user may
select, such as from a menu of options, the type of hypo-
thetical ontological link associated with the one or more
information concept objects that the user wishes to further
investigate or evaluate. Alternatively, an automated mecha-
nism may determine these inputs through analysis and
determination of probabilities of linkages between informa-
tion concept objects based on the actual linkages present in
the ontology, e.g., if person A has a link to person B and
person B has a link to person C, then there is a probability
that person A is also linked to person C in some way.

The types of the identified information concept object(s)
and hypothetical ontological link are determined (step 1130)
and one or more sets of question templates are retrieved
from the question template database or repository based on
the determined types (step 1140). It should be noted that in
retrieving the one or more sets of question templates, the
hypothetical ontological link may be correlated to one or
more sub-links having their own identifiable types and a
separate set of question templates may be retrieved for each
of the sub-links. Thus, for example, if the hypothetical
ontological link is of the type “knows”, then sub-links of
“calls”, “visits,” “knows”, “is related to”, and the like may
be identified and corresponding sets of question templates
retrieved.

The fields of the question templates are populated with
information from the ontology to generate instances of the
question templates which are then submitted to appropri-
ately trained QA system pipelines for answer generation,
confidence measure calculation, and supporting evidence
retrieval (step 1150). The resulting answers to the questions,
their confidence measures, and supporting evidence are
received (step 1160) and evaluated to generate scores for
each of the sub-links (if any) of the hypothetical ontological
link (step 1170). An aggregate confidence score for the
hypothetical ontological link is then calculated based on the
scores for each of the sub-links (if any) (step 1180). The
aggregate confidence score is compared to a predetermined
threshold to determine if modification of the ontology is
warranted (step 1190) and if so, then the ontology is modi-
fied or updated to reflect that the hypothetical ontological
link is an actual link within the ontology (step 1192) and
appropriate notification and user interface output is gener-
ated for the user to interact with a representation of the
modified ontology to obtain additional information regard-
ing the hypothetical ontological link and its place within the
ontology (step 1194). The operation then terminates.

FIG. 12 is a flowchart outlining an example operation for
scoring supporting evidence for a link in accordance with
one illustrative embodiment. The operation outlined in FIG.
12 may be implemented, for example, by the link scoring
and analyzer engine 440 in FIG. 4, for example. As shown
in FIG. 12, the operation starts with receiving supporting
evidence for answers to a set of questions for a evaluating a
hypothetical ontological link (step 1210). The sources of the
supporting evidence are graded based on a determination of
their reliability and credibility (step 1220). The supporting
evidence is further evaluated to determine if there is other
supporting evidence of other sources that corroborate the
evidence (step 1230). The supporting evidence is further
evaluated to identify intrinsic statements of certainty, or lack
thereof (step 1240). The confidence scores for the sub-links
and/or hypothetical ontological link are modified according
to the results of evaluating the source grading, the corrobo-
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ration of the evidence, and the intrinsic certainty of the
evidence (step 1250). The corpora may then be modified to
add or remove content based on the grading of the sources
(step 1260) and follow-up lines of questioning are identified
and evaluated where appropriate (step 1270). The operation
then terminates.

FIG. 13 is a flowchart outlining an example operation for
performing question template set pruning in accordance with
one illustrative embodiment. As shown in FIG. 13, the
operation starts with the retrieval of an initial set of question
templates for the hypothetical ontological link based on an
evaluation of the link type and information concept types
(step 1310). Characteristics of the hypothetical ontological
link and information concept objects are compared to the
characteristics associated with the templates in the initial set
of question templates (step 1320). For each question tem-
plate in the set of question templates, a degree of matching
is calculated for specifying how closely the characteristics of
the hypothetical ontological link and information concept
objects match the characteristics of the question template
(step 1330). Then, for each question template, the degree of
matching is compared to a selection threshold value to
determine if the degree of matching meets or exceeds the
selection threshold value (step 1340).

Those question templates whose degree of matching value
meets or exceeds the selection threshold value are included
in a selected subset of question templates (step 1350). The
selected subset of question templates are then populated
with information from the hypothetical ontological link and
information concept objects to generate actual questions that
are evaluated to evaluate the hypothetical ontological link
(step 1360). The operation then terminates.

FIG. 14 is a flowchart outlining an example operation for
performing source grading in accordance with one illustra-
tive embodiment. As shown in FIG. 14, the operation starts
by collecting characteristics information for a source (step
1410). The characteristics of the source are stored in a source
profile of a source directory in association with a source
identifier (step 1420). The characteristics of the source are
evaluated to generate a grading and weight value associated
with the source (step 1430). The grading and weight values
are stored in association with the source profile (step 1440).
The source weight value is output to the scoring logic for use
in modifying scores associated with evidence from the
source (step 1450). The grading of the source is used to
modify a corpus of evidence by either expanding, reducing,
or maintaining an amount of evidence from the source that
is part of the corpus of evidence (step 1460). The operation
then terminates.

FIG. 15 is a flowchart outlining an example operation for
performing corroboration scoring in accordance with one
illustrative embodiment. As shown in FIG. 15, the operation
starts by selecting a plurality of natural language evidential
text portions that support/refute a hypothetical ontological
link (step 1510). The evidential text portions are compared
to generate equivalency values for each evidential text
portion indicative of a level of equivalency between the
evidential text portions with regard to the facts/conclusions
specified in the evidential text portions (step 1520). The
equivalency values are compared to first and second thresh-
olds to select a subset of natural language evidential text
portions whose equivalency values meet or exceed a first
threshold indicative of corroboration of the evidence but do
not exceed a second threshold indicative of a copying of
evidence (step 1530).

The subset of natural language evidential text portions are
further evaluated with regard to source grading, relevance of
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the evidential text portions to the hypothetical ontological
link, source type, and time proximity (step 1540). The
equivalency values associated with the natural language text
portions in the subset are modified based on the evaluation
in step 1540 to generate modified equivalency values (step
1550). A corroboration score is calculated for each evidential
text portion based on the modified equivalency value cor-
responding to the evidential text portion (step 1560). The
corroboration scores for the evidential text portions are
output for use in generating answer results for questions in
the set of questions used to evaluate the hypothetical onto-
logical link (step 1570). The operation then terminates.

FIG. 16 is a flowchart outlining an example operation for
performing certainty scoring in accordance with one illus-
trative embodiment. As shown in FIG. 16, the operation
starts with receiving a portion of natural language evidential
text (step 1610). Natural language processing (NLP) opera-
tions are performed on the text to identify text patterns
within the text indicative of a level of certainty (step 1620).
A level of certainty for the evidential text portion is deter-
mined based on results of the NLP operations (step 1630).
The score associated with the evidential text portion is
modified based on the level of certainty of the evidential text
portion to generate a modified score for the evidential text
portion (step 1640). The modified score for the evidential
text portion is output to the scoring logic for use in evalu-
ating answers to questions in the set of questions used to
evaluate the hypothetical ontological link (step 1650). The
operation then terminates.

FIG. 17 is a flowchart outlining an example operation for
performing additional lines of questioning evaluations in
accordance with one illustrative embodiment. As shown in
FIG. 17, the operation starts by evaluating an answer to a
question in a set of questions used to evaluate the hypo-
thetical ontological link (step 1710). A new information
concept object indicated in the answer to the question is
identified (step 1720). A new hypothetical ontological link
for the new information concept object is generated (step
1730). A set of question templates corresponding to the new
hypothetical ontological link is retrieved (step 1740) and
used to evaluate the new hypothetical ontological link in a
similar manner as previously described above (step 1750).
The operation then terminates.

As noted above, it should be appreciated that the illus-
trative embodiments may take the form of an entirely
hardware embodiment, an entirely software embodiment or
an embodiment containing both hardware and software
elements. In one example embodiment, the mechanisms of
the illustrative embodiments are implemented in software or
program code, which includes but is not limited to firmware,
resident software, microcode, etc.

A data processing system suitable for storing and/or
executing program code will include at least one processor
coupled directly or indirectly to memory elements through a
system bus. The memory elements can include local
memory employed during actual execution of the program
code, bulk storage, and cache memories which provide
temporary storage of at least some program code in order to
reduce the number of times code must be retrieved from bulk
storage during execution.

Input/output or /O devices (including but not limited to
keyboards, displays, pointing devices, etc.) can be coupled
to the system either directly or through intervening /O
controllers. Network adapters may also be coupled to the
system to enable the data processing system to become
coupled to other data processing systems or remote printers
or storage devices through intervening private or public
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networks. Modems, cable modems and Ethernet cards are
just a few of the currently available types of network
adapters.
The description of the present invention has been pre-
sented for purposes of illustration and description, and is not
intended to be exhaustive or limited to the invention in the
form disclosed. Many modifications and variations will be
apparent to those of ordinary skill in the art without depart-
ing from the scope and spirit of the described embodiments.
The embodiment was chosen and described in order to best
explain the principles of the invention, the practical appli-
cation, and to enable others of ordinary skill in the art to
understand the invention for various embodiments with
various modifications as are suited to the particular use
contemplated. The terminology used herein was chosen to
best explain the principles of the embodiments, the practical
application or technical improvement over technologies
found in the marketplace, or to enable others of ordinary
skill in the art to understand the embodiments disclosed
herein.
What is claimed is:
1. A method, in a data processing system comprising a
processor and a memory, the memory comprising instruc-
tions executed by the processor to cause the processor to be
specifically configured to implement a hypothetical onto-
logical link identification and evaluation engine, for evalu-
ating a link between information concept entities, compris-
ing:
receiving, by the hypothetical ontological link identifica-
tion and evaluation engine implemented by the data
processing system, an ontology data structure based on
a set of evidential data specifying a plurality of infor-
mation concept entities and valid links representing
known relationships between the information concept
entities that are directly identified by direct evidence in
the set of evidential data;
generating, by the hypothetical ontological link identifi-
cation and evaluation engine, a hypothetical ontologi-
cal link between at least two information concept
entities in the ontology data structure, wherein the
hypothetical link is a link that does not have direct
evidence in the evidential data directly identifying a
direct link between the at least two information concept
entities;
evaluating, by the hypothetical ontological link identifi-
cation and evaluation engine, the set of evidential data
with regard to whether or not indirect evidence in the
set of evidential data supports or refutes existence of
the hypothetical ontological link, wherein the evalua-
tion of the set of evidential data comprises analyzing
language of natural language statements in the set of
evidential data to identify certainty terms within the
natural language statements;
calculating, by the hypothetical ontological link identifi-
cation and evaluation engine, a confidence value for the
hypothetical ontological link based on results of the
evaluation of the set of evidential data; and

modifying, by the hypothetical ontological link identifi-
cation and evaluation engine, the ontology data struc-
ture to include the hypothetical ontological link as a
new valid link in the ontology data structure in
response to the knowledge output indicating the hypo-
thetical ontological link to be a valid link between the
at least two information concept objects in the ontology
data structure.

2. The method of claim 1, wherein the certainty terms
comprise first-hand account terms or phrases indicative of a
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first-hand account being specified in the evidential data, and
wherein calculating the confidence value for the hypotheti-
cal ontological link based on results of the evaluation of the
set of evidential data comprises increasing a confidence
value for the hypothetical ontological link in response to
detecting first-hand account terms or phrases in the eviden-
tial data.

3. The method of claim 1, wherein the certainty terms
comprise hedging terms or phrases indicative of a lack of
certainty in the facts or conclusion specified in the evidential
data, and wherein calculating the confidence value for the
hypothetical ontological link based on results of the evalu-
ation of the set of evidential data comprises decreasing a
confidence value for the hypothetical ontological link in
response to detecting hedging terms or phrases in the
evidential data.

4. The method of claim 1, wherein the data processing
system comprises a database of patterns of certainty terms
and phrases, and wherein each pattern in the database is
associated with a corresponding level of certainty, and
wherein evaluating the set of evidential data comprises
matching patterns of terms or phrases in the evidential data
to corresponding patterns in the database of patterns.

5. The method of claim 4, wherein the level of certainty
for each of the patterns in the database is one of the
following levels of certainty: certain, not certain, or unde-
termined certainty, and wherein each level of certainty is
associated with a different certainty weighting factor, and
wherein a certainty weighting factor associated with a level
of certainty of a matching pattern in the database of patterns
is applied to a confidence score associated with a portion of
evidence in which the matching pattern is present to gener-
ate a modified confidence score for the portion of evidence.

6. The method of claim 5, wherein:

if the level of certainty of the portion of evidence is

certain, then the corresponding certainty weighting
factor increases the confidence score associated with
the portion of evidence,

if the level of certainty of the portion of evidence is not

certain, then the corresponding certainty weighting
factor decreases the confidence score associated with
the portion of evidence, and

if the level of certainty of the portion of evidence is

undetermined certainty, the corresponding certainty
weighting factor does not modify the confidence score
associated with the portion of evidence.

7. The method of claim 1, wherein evaluating the set of
evidential data with regard to whether or not indirect evi-
dence in the set of evidential data supports or refutes
existence of the hypothetical ontological link, comprises
automatically generating one or more questions for process-
ing by a question answer (QA) system based on first type
characteristics of the at least two information concept enti-
ties and a second type characteristic of the hypothetical
ontological link, wherein the QA system processes the one
or more questions using a corpus of evidence data compris-
ing the set of evidential data to generate answers to the one
or more questions that are a basis for determining whether
the set of evidential data supports or refutes existence of the
hypothetical ontological link.

8. The method of claim 7, wherein automatically gener-
ating one or more questions for processing by the QA system
comprises:

retrieving a set of question templates from a question

template repository;
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pruning the set of question templates to a sub-set of
question templates based on at least one of the first type
characteristics or second type characteristic; and

evaluating the set of evidential data at least by processing,
by the QA system, the sub-set of question templates to
identify evidence in the set of evidential data that
support or refutes the hypothetical ontological link.

9. The method of claim 1, wherein evaluating the set of
evidential data with regard to whether or not indirect evi-
dence in the set of evidential data supports or refutes
existence of the hypothetical ontological link comprises
evaluating, for each portion of evidential data in the set of
evidential data, a veracity measure of a source of the portion
of evidential data, and wherein the veracity of the source is
evaluated based on characteristics of the type of the source
and an input specifying a level of trust a user of the data
processing system has for the source.

10. The method of claim 1, wherein portions of evidence
associated with sources having veracity measures that do not
meet or exceed a predetermined minimum acceptable level
of veracity are either removed from further consideration
when evaluating the set of evidential data or have associated
weights values that are relatively lower than other portions
of evidence associated with sources having veracity mea-
sures that do meet or exceed the predetermined minimum
acceptable level of veracity.

11. The method of claim 1, wherein evaluating the set of
evidential data with regard to whether or not indirect evi-
dence in the set of evidential data supports or refutes
existence of the hypothetical ontological link further com-
prises evaluating evidence supporting the hypothetical onto-
logical link for corroborating evidence in the set of eviden-
tial data, wherein a confidence measure indicating the
hypothetical ontological link to be a valid link is increased
if the corroborating evidence is positive and the confidence
measure indicating the hypothetical ontological link to be a
valid link is decreased if the corroborating evidence is
negative.

12. The method of claim 1, further comprising:

outputting, by the hypothetical ontological link identifi-

cation and evaluation engine, a notification of the
modification to the ontology data structure to a user via
a computing device.

13. The method of claim 12, wherein the notification
comprises a graphical representation of the modified ontol-
ogy data structure graphically indicating the hypothetical
ontological link as a valid link in the ontology and providing
a drill-down functionality to drill-down into the graphical
representation to obtain an output of evidence, in the set of
evidential data, that supports the hypothetical ontological
link as being a valid link.

14. A computer program product comprising a non-
transitory computer readable medium having a computer
readable program stored therein, wherein the computer
readable program, when executed on a data processing
system, causes the data processing system to be specifically
configured to implement a hypothetical ontological link
identification and evaluation engine that operates to:

receive an ontology data structure based on a set of

evidential data specifying a plurality of information
concept entities and valid links representing known
relationships between the information concept entities
that are directly identified by direct evidence in the set
of evidential data;

generate a hypothetical ontological link between at least

two information concept entities in the ontology data
structure, wherein the hypothetical link is a link that
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does not have direct evidence in the evidential data
directly identifying a direct link between the at least
two information concept entities;

evaluate the set of evidential data with regard to whether

or not indirect evidence in the set of evidential data
supports or refutes existence of the hypothetical onto-
logical link, wherein the evaluation of the set of evi-
dential data comprises analyzing language of natural
language statements in the set of evidential data to
identify certainty terms within the natural language
statements;

calculate a confidence value for the hypothetical onto-

logical link based on results of the evaluation of the set
of evidential data; and

modify the ontology data structure to include the hypo-

thetical ontological link as a new valid link in the
ontology data structure in response to the knowledge
output indicating the hypothetical ontological link to be
a valid link between the at least two information
concept objects in the ontology data structure.

15. The computer program product of claim 14, wherein
the certainty terms comprise first-hand account terms or
phrases indicative of a first-hand account being specified in
the evidential data, and wherein the computer readable
program causes the computing device to calculate the con-
fidence value for the hypothetical ontological link based on
results of the evaluation of the set of evidential data at least
by increasing a confidence value for the hypothetical onto-
logical link in response to detecting first-hand account terms
or phrases in the evidential data.

16. The computer program product of claim 14, wherein
the certainty terms comprise hedging terms or phrases
indicative of a lack of certainty in the facts or conclusion
specified in the evidential data, and wherein the computer
readable program causes the computing device to calculate
the confidence value for the hypothetical ontological link
based on results of the evaluation of the set of evidential data
at least by decreasing a confidence value for the hypothetical
ontological link in response to detecting hedging terms or
phrases in the evidential data.

17. The computer program product of claim 14, wherein
the data processing system comprises a database of patterns
of certainty terms and phrases, and wherein each pattern in
the database is associated with a corresponding level of
certainty, and wherein evaluating the set of evidential data
comprises matching patterns of terms or phrases in the
evidential data to corresponding patterns in the database of
patterns.

18. The computer program product of claim 17, wherein
the level of certainty for each of the patterns in the database
is one of the following levels of certainty: certain, not
certain, or undetermined certainty, and wherein each level of
certainty is associated with a different certainty weighting
factor, and wherein a certainty weighting factor associated
with a level of certainty of a matching pattern in the database
of patterns is applied to a confidence score associated with
a portion of evidence in which the matching pattern is
present to generate a modified confidence score for the
portion of evidence.

19. The computer program product of claim 18, wherein:

if the level of certainty of the portion of evidence is

certain, then the corresponding certainty weighting
factor increases the confidence score associated with
the portion of evidence,

if the level of certainty of the portion of evidence is not

certain, then the corresponding certainty weighting
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factor decreases the confidence score associated with
the portion of evidence, and

if the level of certainty of the portion of evidence is
undetermined certainty, the corresponding certainty
weighting factor does not modify the confidence score
associated with the portion of evidence.

20. An apparatus comprising:

a processor; and

a memory coupled to the processor, wherein the memory
comprises instructions which, when executed by the
processor, cause the processor to be specifically con-
figured to implement a hypothetical ontological link
identification and evaluation engine that operates to:

receive an ontology data structure based on a set of
evidential data specifying a plurality of information
concept entities and valid links representing known
relationships between the information concept entities
that are directly identified by direct evidence in the set
of evidential data;

generate a hypothetical ontological link between at least
two information concept entities in the ontology data
structure, wherein the hypothetical link is a link that
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does not have direct evidence in the evidential data
directly identifying a direct link between the at least
two information concept entities;

evaluate the set of evidential data with regard to whether
or not indirect evidence in the set of evidential data
supports or refutes existence of the hypothetical onto-
logical link, wherein the evaluation of the set of evi-
dential data comprises analyzing language of natural
language statements in the set of evidential data to
identify certainty terms within the natural language
statements;

calculate a confidence value for the hypothetical onto-
logical link based on results of the evaluation of the set
of evidential data; and

modify the ontology data structure to include the hypo-
thetical ontological link as a new valid link in the
ontology data structure in response to the knowledge
output indicating the hypothetical ontological link to be
a valid link between the at least two information
concept objects in the ontology data structure.
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